A phytochemical investigation of the toxic plant I̲s̲o̲c̲o̲m̲a̲ w̲r̲i̲g̲h̲t̲i̲i̲ : isolation of a series of benzofurans and steroids by Novak, John Robert
A PHYTOCHEMICAL INVESTIGATION OF THE TOXIC PLANT 
ISOCOMA WRXGHTII 
ISOLATION OF A SERIES OF BENZOFURANS AND STEROIDS 
A THESIS 
Presented to 
The F a c u l t y of the D i v i s i o n of Graduate S tud ie s 
by 
John Robert Novak, J r . 
In P a r t i a l F u l f i l l m e n t 
of the Requirements f o r the Degree 
Doctor of Phi losophy in the 
School of Chemistry 
Georgia I n s t i t u t e of Technology 
June, 1977 
A PHYTOCHEMICAI INVESTIGATION OF THE TOXIC PLANT 
ISOCOMA WRIGHTII 
ISOLATION OF A SERIES OF BENZOFURANS AND STEROIDS 
Approved: 
"~
j
 S x^f M , , , , 11 
L. Wt/ Zalkowy Chairman 
." C. Ashb^N 
//J. A. S t a n f £ e l d / 
C. L. L i o t t a ''.„,_ 
Date approved by.; Chairman 
1 
i i 
TO MY PARENTS 
* * • 
1 1 1 
ACKNOWLEDGMENTS 
I t i s wi th p l easure t h a t I express my g r a t i t u d e 
t o P r o f e s s o r Leon H. Zalkow f o r h i s i n v a l u b l e guidance 
and counse l during the course of my graduate work and 
p r e p a r a t i o n of t h i s d i s s e r t a t i o n . I a l s o wish t o thank 
P r o f e s s o r E. C. Ashby f o r h i s words of encouragement 
a long the way and f o r s e r v i n g as a member of my t h e s i s 
committee . I a l s o w i s h " t o A . 
S t a n f i e l d a n d ^ . Charles L. L i o t t a f o r serv ing a;s members 
of my reading- commitlfeei 
I would l i k e t o e s p e c i a l l y thank my p a r e n t s , t o 
whom t h i s work i s d e d i c a t e d . Without t h e i r moral and 
f i n a n c i a l support , i t would have been i m p o s s i b l e . 
I thank my w i f e , Jo-Ann, f o r her^pat i ence , 
understanding, ' encouragement and a s s i s t a n c e in h e l p i n g 
me towards my g o a l s . I would a l s o l i k e t o thank her f o r 
c o r r e c t i n g my s p e l l i n g and grammar:••••.arid f o r typ ing t h i s 
t h e s i s « I w o u l d a l s o l i k e t o t h a n k h e r p a r e n t s , Mr . \ 
and Mrs . Herbert A . S t o u t , f o r t h e i r he lp and encouragement, 
Thanks are a l s o r e n d e r e d t o t h e f a c u l t y and
 >;s"taf f 
of the S c h o ^ I ^ O f C h e m i s t r y a t G e o r g i a T e c h f o r t h e i r -
help and a d v i c e * d u r i n g the c o u r s e of t h i s s tudy . 
i v 
I would a l s o l i k e t o thank the N a t i o n a l Cancer 
I n s t i t u t e f o r p a r t i a l support in the form of a Research 
A s s i s t a n t s h i p ( I976- I97-7) and t o the School of Chemistry 
f o r p a r t i a l support in the form of a Teaching A s s i s t a n t s h i p 
( 1 9 7 2 - 1 9 7 6 ) . 
V 
TABLE OF CONTENTS 
Page 
DEDICATION i i 
ACKNOWLEDGMENTS . . . . . . . i i i 
LIST OF TABLES v i i 
LIST OF CHARTS v i i i 
LIST OF ILLUSTRATIONS . . . . . . . . . . . . . . . i x 
GLOSSARY OF ABBREVIATIONS . . . . . . x 
SUMMARY . . . . . x i i 
Chapter 
I . HISTORICAL INTRODUCTION . . . 1 
I I . INSTRUMENTATION AND EQUIPMENT . . . . . . 15 
I I I . EXPERIMENTAL 18 
C o l l e c t i o n of P lant M a t e r i a l 18 
E x t r a c t i o n Using NIH Procedure . . . . . 18 
Attempted Separat ion of the Chloroform 
S o l u b l e M a t e r i a l . 19 
P a r t i t i o n of Chloroform S o l u b l e M a t e r i a l 
Among Benzene, Ethanol and Water . . . 21 
Attempted Separat ion of the Benzene 
So lub le P lant M a t e r i a l . . . . . . . . 22 
Base Washing of Benzene S o l u b l e 
M a t e r i a l 23 
Steam D i s t i l l a t i o n of Base-Washed 
S o l u b l e P lant M a t e r i a l 23 
I s o l a t i o n of 2 , 5 D iace ty lbenzo furan . . . 2h 
M o d i f i c a t i o n of Burke ' s Procedure: 
I s o l a t i o n of the "Red J e l l y " 26 
V I 
Page 
Separat ion of the "Red J e l l y " 28 
Separat ion of the Ketone F r a c t i o n -
I s o l a t i o n of T o x o l , Tremetone and 
Dehydrotremetone . . . . . . . . . . . 30 
Separat ion of the Non-Ketone 
F r a c t i o n 35 
I s o l a t i o n of P h y t o l . . . . . . . . . . . 37 
I s o l a t i o n of Hentr iacontane 39 
I s o l a t i o n of Squalene hk 
I s o l a t i o n of the S t e r o l F r a c t i o n . . . . Ur6 
IV . DISCUSSION OF RESULTS . . . . . . . . . . 53 
E x t r a c t i o n of P lant M a t e r i a l and the 
I s o l a t i o n of a S e r i e s of 
Benzofurans • • « • 53 
NMR and Mass S p e c t r a l S t u d i e s of the 
Benzofurans . . . . . . . » . . . . . . 63 
I s o l a t i o n and I d e n t i f i c a t i o n of P h y t o l , 
Hentr iacontane , and Squalene 73 
I s o l a t i o n and I d e n t i f i c a t i o n of the 
S t e r o l s . . . . . . . . . . 78 
R e s u l t s of Anti-Tumor T e s t i n g . . . . . . 81 
V. CONCLUSIONS AND RECOMMENDATIONS . . . . . 8^ 
Appendices 
1 . GAS CHROMATOGRAPHY TRACES . 87 
2 . MASS SPECTRA . . . . . . . . . . . . . . I l l 
REFERENCES AND NOTES . . . . . . . . . . . . . . . 126 
VITA 1 3 1 
v i i 
LIST OF TABLES 
Table Page 
1 . GC Columns 1 7 
< 
2 . H-NMR Data of the I s o l a t e d Benzofurans . . 6^ 
1 
3 . H-NMR Data of S i m i l a r Natura l 
Benzofurans 66 
k. Model Compounds f o r Benzofuran ^C-NMR 
Assignments . . 69 
5 . "^C-NMR Data of the I s o l a t e d Benzofurans . . 70 
6 . Examples of Benzofuran Mass Spectra Fragmen­
t a t i o n Pa t t erns . . . . . . . . . . . . . . 72 
7 . Major Peaks from the Mass Spectra of the 
Benzofurans from Isocoma w r i g h t i i 7^ 
v i i i 
LIST OF CHARTS 
Chart Page 
1 . Couch's E x t r a c t i o n Procedure . . b 
2 . NIH Procedure 20 
3. I s o l a t i o n of 2 , 5 D iace ty lbenzofuran . . . . 27 
I s o l a t i o n of "Red J e l l y " . . . . . . . . . 29 
5 . Separat ion of "Red J e l l y " 31 
6 . Separat ion of Ketone F r a c t i o n 36 
7 . Separat ion of Non-Ketone F r a c t i o n 38 
8. I s o l a t i o n of Phyto l . . . . . . . . . . . . 4 o 
9« I s o l a t i o n of Hentr iacontane . . . . . . . . 4 5 
1 0 . I s o l a t i o n of Squalene . . . . . ^7 
1 1 . I s o l a t i o n of the Three S t e r o l s 52 
1 2 . I s o l a t i o n of Toxyl Ange la te . , 60 
i x 
LIST OF ILLUSTRATIONS 
Figure Page 
1 . G i r a r d ' s T D e r i v a t i v e Formation . . . . . . 31 
2 . Fragmentation Scheme of Toxyl Ange la te 
(23a) . . . . . . . . . . 75 
3 . S a p o n i f i c a t i o n of C h l o r o p h y l l 77 
X 
GLOSSARY OF ABBREVIATIONS 
bm broad m u l t i p l e t (NMR) 
bs broad s i n g l e t (NMR) 
bp b o i l i n g p o i n t 
C C e l s i u s 
cc cubic cent imeter 
- 1 
cm 
wave number ( I R ) 
Col column 
d double t (NMR) 
ea each 
g gram 
GC gas chromatography 
hr hour 
Hz ' Hertz ( c y c l e s per second) 
IR i n f r a r e d 
J coupl ing constant (NMR) 
kg ki logram 
1 l i t e r 
m m u l t i p l e t (NMR) 
m/e mass t o charge r a t i o 
mg m i l l i g r a m 
ml m i l l i l i t e r 
MP me l t ing p o i n t 
nm nanometers 
x i 
NMR nuc lear magnetic resonance 
ORD o p t i c a l r o t a t o r y d i s p e r s i o n 
P- page 
ppm p a r t s per m i l l i o n 
q quar te t (NMR) 
R t r e t e n t i o n time (GC) 
s s i n g l e t (NMR) 
sec seconds 
t t r i p l e t (NMR) 
TMS tetramethylsilane 
UV u l t r a v i o l e t 
X I 1 
SUMMARY 
A r e i n v e s t i g a t i o n of the t o x i c p l a n t - Isocoma 
w r i g h t i i ( r a y l e s s go ldenrod) J has l e d t o the i s o l a t i o n 
of the p r e v i o u s l y i d e n t i f i e d benzofurans - tremetone ( 1 ) , 
dehydrotremetone ( 2 ) , t o x o l (5 )» and 2 , 5 d i a c e t y l b e n z o f u r a n 
(6) and t o the i d e n t i f i c a t i o n of a new benzofuran - t o x y l 
ange la te ( 2 3 a ) . 
2 3 a 
1 
x i i i 
A s e r i e s of three p h y t o s t e r o l s were i s o l a t e d and 
i d e n t i f i e d : s t i g m a s t a - 8 ( 1 4 ) , 2 2 - d i e n - 3 P ~ ° l ( 9 ) i s t i g m a s t a -
5 , 2 2 - d i e n - 3 p - o l ( 2 1 ) , and s t i g m a s t a - 8 ( 1 4 ) - e n - 3 p - o l ( 2 2 ) -
[ ( 9 ) had "been p r e v i o u s l y i s o l a t e d from t h i s p l a n t ] . 
Three compounds, p r e v i o u s l y u n i d e n t i f i e d as occurr ing in 
the p l a n t , were i s o l a t e d and i d e n t i f i e d - p h y t o l ( 1 8 ) , 
hentr iacontane ( 1 9 ) and squalene ( 2 0 ) . 
x i v 
NMR ( H and ) and mass s p e c t r a l s t u d i e s were 
done on the benzofurans . 
The chloroform e x t r a c t of the p l a n t ( s ee Chart 2 ) 
was shown t o e x h i b i t ant i - tumor a c t i v i t y . A l l of the 
benzofurans were sent t o the N a t i o n a l I n s t i t u t e of Heal th 
f o r t e s t i n g , but none showed a c t i v i t y . 
1 
CHAPTER I 
HISTORICAL INTRODUCTION 
One of the hardships of the American p ioneers was 
the myster ious malady which s truck "both humans and l i v e ­
s tock a l i k e . Known as "trembles" in c a t t l e and "milk-
s i ckness" in humans, the d i s e a s e u s u a l l y appeared in 
l a t e August and disappeared in l a t e October , and was one 
of the l ead ing causes of death and d i s a b i l i t y in many 
1 
p a r t s of the American Midwest , Upper South and Southwest . 
The d i s e a s e was i n v a r i a b l y f a t a l and o c c a s i o n a l l y reached 
epidemic p r o p o r t i o n s , sometimes wiping out whole communities . 
In h i s L inco ln b iography , Carl Sandburg d e s c r i b e s 
t h i s d i s e a s e which caused the death of L i n c o l n ' s mother: 
. . . the "mi lks i ck ," beg inning with a w h i t i s h coat 
on the tongue, r e s u l t i n g , i t supposed, from cows 
e a t i n g white snakeroot or other growths t h a t poisoned 
t h e i r m i l k . . . . there came to Nancy Hanks L inco ln 
that white coa t ing of the tongue; her v i t a l s burned; 
the : tongue turned brownish, her f e e t and hands grew 
co ld and c o l d e r , her p u l s e s lower and s lower . Death 
came October 5 . 1 8 1 8 . . . . 2 
The l a r g e number of deaths caused by "milks ickness" in 
the n i n e t e e n t h century was due in par t t o the f a c t tha t 
the e t i o l o g y of the d i s e a s e was not known. The medical 
r e p o r t s on the "milks ickness" were confused and c o n f l i c t i n g . 
A number of t h e o r i e s evo lved as to the cause of the 
2 
d i s e a s e - one r e p o r t was t h a t i t was due to poison i v y , 
3 k 
others to mushrooms or Indian hemp. ' An anonymous 
author of an 1 8 1 1 a r t i c l e t o l d as much about the malady 
as did most a r t i c l e s f o r h a l f a century to come.^ He 
held tha t "milks ickness" was a true p o i s o n i n g , tha t i t 
was caused "by poisoned mi lk and tha t the source of the 
poison was v e g e t a t i o n eaten by cows. A l l of which proved 
to be t r u e . 6 , 7 , 8 
The d i s e a s e was conf ined mainly to the backwoods 
and s p a r s e l y se t t l ed; r e g i o n s and;was never prevalent in 1 
l a r g e r towns where i t could come under s c i e n t i f i c obser ­
v a t i o n . F i n a l l y , in the 1 9 2 0 ' s , white snakeroot , Eupatorium 
rugosum, in the Midwest and Upper South, and r a y l e s s 
go ldenrod , Isocoma w r i g h t i i , in the Southwest , were shown 
to be r e s p o n s i b l e f o r the d i s e a s e . 
A f t e r c o l l e c t i n g and gr ind ing some white snakeroot , 
Couch e x t r a c t e d i t with n i n t y - f i v e percent e t h a n o l . The 
e x t r a c t was evaporated t o l eave a dark green r e s i d u e which 
was shown to be t o x i c to sheep and c a t t l e . The water -
s o l u b l e p o r t i o n of the e x t r a c t was not t o x i c . The t o x i n 
was, however, e x t r a c t a b l e i n t o f i f t y percent hot e thanol 
and f o l l o w i n g t h a t i n t o t h i r t y percent hot e t h a n o l . 
No f u r t h e r p u r i f i c a t i o n could be accomplished by 
s o l v e n t e x t r a c t i o n ; t h e r e f o r e the t o x i n was s a p o n i f i e d . 
The e ther e x t r a c t of the s a p o n i f i e d m a t e r i a l contained 
3 
the t o x i c m a t e r i a l with a c o n s i d e r a b l e increase in p u r i t y , 
most of the weight having been removed as b a s e - s o l u b l e 
f a t t y a c i d s . The e t h e r - s o l u b l e m a t e r i a l y i e l d e d a non­
t o x i c s o l i d , mp 1 4 8 - 4 9 ° C , of the molecu lar formula C^gH^O, 
as w e l l as a y e l l o w , v i s c o u s , t o x i c o i l . A l l at tempts t o 
f u r t h e r p u r i f y the o i l were u n s u c c e s s f u l and the m a t e r i a l 
was cons idered t o be pure . Couch named the o i l , which 
he thought t o be one compound, " t r e m e t o l . " The i s o l a t i o n 
procedure i s shown on Chart 1 . Elemental a n a l y s i s and 
molecular weight determinations of the toxic oil indicated 
the molecu lar formula t o be ^1^22^3* LOL~]-Q - - 2 1 . 0 8 ° C . 
Bromine t i t r a t i o n showed the presence of two double bonds; 
no c r y s t a l l i n e d e r i v a t i v e s were obtained upon r e a c t i o n with 
hydroxylamine or phenylhydraz ine , and a n e g a t i v e S c h i f f ' s 
t e s t i n d i c a t e d the probable absence of an aldehyde group. 
The t o x i n was s t a b l e to b o i l i n g water , but decomposed 
upon d i s t i l l a t i o n , even a t pres sure l e s s than one m i l l i m e t e r . 
Couch showed t h a t "tremetol" showed a c h a r a c t e r i s t i c red 
c o l o r a t the i n t e r f a c e of a p e t - e t h e r s o l u t i o n of the t o x i n 
and concentrated s u l f u r i c a c i d . From these data Couch 
a s s e r t e d t h a t the t o x i n was an aromatic a l c o h o l with a 
o 
s ide chain conta in ing two double bonds . Later s t u d i e s 
by Couch showed tha t "tremetol" was a l s o the t o x i c c o n s t i -
8 
tuent of r a y l e s s go ldenrod . Although the p l a n t s have not 
Chart 1 . Couch's Separat ion Procedure 
PLANT MATERIAL 
METHANOL 
METHANOL SOLUBLE PLANT EXTRACT 
WATER 
WATER-INSOLUBLE WATER-SOLUBLE 
SODIUM 
BICARBONATE 
BICARBONATE 
SOLUBLE 
BICARBONATE 
INSOLUBLE 
50fo 
ETHANOL 
50fo ETHANOL 
INSOLUBLE 
50$ ETHANOL 
SOLUBLE 
30fo ETHANOL 
2>Ofo ETHANOL 
SOLUBLE 
30?o ETHANOL 
INSOLUBLE 
ALKALINE HYDROLYSIS 
ETHER INSOLUBLE ETHER SOLUBIxE 
LIGROIN-INSOLUBLE LIGROIN-SOLUBLE 
"TREMETOL" 
5 
been cons idered c l o s e l y r e l a t e d b o t a n i c a l l y , i t i s i n t e r ­
e s t i n g tha t they produce the same t o x i n . A l s o noteworthy 
i s t h a t whi le white snakeroot l o s e s i t s t o x i c i t y on dry ing , 
7 9 
r a y l e s s goldenrod does so on ly s l o w l y . For unknown 
reasons Couch apparent ly stopped h i s work on "tremetol" 
and did not p u b l i s h any f u r t h e r work a f t e r 1933• 
The s tudy of these p l a n t s l a y dormant f o r about a 
decade u n t i l Dermer and h i s co-workers s t a r t e d a study on 
r a y l e s s go ldenrod . Their work r e v e a l e d t h a t "tremetol" 
was not a pure subs tance , but r a t h e r a complex mix ture . 
They attempted f u r t h e r to f r a c t i o n a t e the o i l us ing a 
Hickman molecular s t i l l . The o i l was separated i n t o 
var ious t o x i c f r a c t i o n s , but with the methods a v a i l a b l e 
to them a t the t ime , they were unable t o i s o l a t e a pure 
. . 1 0 , 1 1 , 1 2 , 1 3 t o x i n . 
Further work on these po i son ious p l a n t s apparent ly 
ceased during the next twenty year per iod and, f o r t u n a t e l y , 
"mi lks ickness" became l e s s of a problem with t ime f o r two 
r e a s o n s . F i r s t , farmers were educated to r e c o g n i z e and 
e r a d i c a t e the t o x i c p l a n t s , and s e c o n d l y , mi lk was consumed 
on a l o c a l l e v e l l e s s f r e q u e n t l y and went i n t o l a r g e d a i r y 
poo l s where t o x i n - c o n t a i n i n g mi lk became d i l u t e d . 
No f u r t h e r work was r e p o r t e d in t h i s area u n t i l 
the e a r l y 1 9 6 0 ' s when Bonner s t a r t e d h i s i n v e s t i g a t i o n of 
1^-15 
white snakeroot ' J and Zalkow i n i a t e d h i s s tudy of r a y l e s s 
6 
16 go ldenrod . The s i m i l a r i t i e s of compounds i s o l a t e d from 
these p l a n t s i s s t r i k i n g . 
A f t e r e x t r a c t i n g white snakeroot , Bonner s u c c e s s ­
f u l l y i s o l a t e d an o i l which showed the c h a r a c t e r i s t i c red 
c o l o r t e s t of " t remeto l ." P a r t i t i o n chromatography of the 
o i l on C e l i t e y i e l d e d a p a r t i a l l y c r y s t a l l i n e s t e r o l 
f r a c t i o n and an o i l y ketone f r a c t i o n . Adsorpt ion chroma­
tography of the s t e r o l f r a c t i o n on alumina y i e l d e d a s e s -
q u i t e r p e n e - l i k e compound (^1^2^' E a ] D = + ^ * 7 ° ( C H C l ^ ) ) , 
a s t e r o l (mp 1 8 4 . 5 - 1 8 5 . 5 ° C , [ o t ] D = + 5 7 . 2 ° (CHC1 3 ) ) , and 
a second s t e r o l (mp 1 4 7 - 1 4 8 ° C , [ a ] D = - 3 2 . 8 ° ( C H C l ^ ) ) . 
The hydrocarbon showed the presence of two noncon-
jugated double bonds; s t e r o l I was s i m i l a r to a-amyrin; 
and s t e r o l I I was s i m i l a r t o p - s i t o s t e r o l . However none 
of these compounds were t o x i c t o g o l d f i s h and t h e r e f o r e 
were not i n v e s t i g a t e d f u r t h e r . 
The ketone f r a c t i o n proved to be t o x i c t o g o l d f i s h 
and gave the "tremetol" c o l o r r e a c t i o n . Thi s f r a c t i o n 
y i e l d e d three compounds on adsorpt ion chromatography. 
These compounds were tremetone (C^^H^O^, o i l , [ a ] D = - 5 9 - 6 ° 
(EtOH)) , dehydrotremetone - ( C ^ H ^ O g , . mp. 8 7 . 5 - 8 8 . 5 ° C , 
[ a l D = 0 .0° (E tOH)) , and hydroxytremetone ^ i ^ - ^ P y 
mp 7 0 - 7 1 ° C , [ a l D = - 5 0 . 7 ° ( E t O H ) ) . A l l three ketones showed 
a p o s i t i v e Couch c o l o r t e s t f o r " t r e m e t o l . " Bonner then 
e s t a b l i s h e d the s t r u c t u r e s of these compounds by degrada­
t i o n 1 4 , 1 5 , 1 7 and s y n t h e s i s . 1 4 , 1 5 , 1 8 , 1 9 , 2 0 The parent 
7 
compound, trernetone, was shown t o be 2 - i s o p r o p e n y l - 2 , 3 -
d i h y d r o - 5 - a c e t y l benzofuran (JL), whi le dehydrotremetone 
i s unsaturated between C-2 and €-3 ( 2 ) and hydroxytremetone 
has a hydroxy1 group a t C-6 ( 3 ) . Hydroxytremetone i s 
very s i m i l a r in s t r u c t u r e -to euparin ) , i s o l a t e d from 
a p lant of the same f a m i l y (Eupatorium purpurem). 
A l s o during the e a r l y I 9 6 0 ' s , Zalkow and co-workers 
16 
reported the r e s u l t s of t h e i r s tudy on r a y l e s s go ldenrod . 
Using both Couch's procedure (except s u b s t i t u t i n g methanol 
f o r e t h a n o l ) and a modi f ied procedure , they were ab le t o 
i s o l a t e "tremetol" from the p l a n t . P a r t i t i o n chromatography 
gave , in the f i r s t f r a c t i o n , dehydrotremetone (2) and a 
second, more p o l a r f r a c t i o n . Adsorpt ion chromatography 
of "tremetol" y i e l d e d dehydrotremetone and a more p o l a r 
8 
component, t o x o l ( C ^ H j ^ O y m P 5 2 - 5 3 ° C , [ O C 3 q = - 2 5 . 1 ° ) was 
shown by IR and NMR to be an aromatic compound, conta in ing 
one i s o l a t e d double bond, a conjugated ketone , and a secon­
dary hydroxyl group. A degradat ion s tudy of t o x o l showed 
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i t to be another benzofuran ( 5 ) . Tremetone and another 
/*-^ 
new benzofuran (6 ) have a l s o been i s o l a t e d from r a y l e s s 
goldenrod " t r e m e t o l . ' 2 5 ' 2 6 
These benzofurans ( l - 3 » 5» 6) are of p a r t i c u l a r 
i n t e r e s t ; they have been i s o l a t e d from these two p l a n t s 
which, whi le not cons idered c l o s e l y r e l a t e d on morpho log ica l 
grounds, have been shown to be c l i n i c a l l y s i m i l a r in 
producing " m i l k s i c k n e s s . " Simple benzofurans ( 1 - 6 ) are 
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r e l a t i v e l y rare in n a t u r e , and undoubtedly are of 
importance from a chemotaxonomy p o i n t of v iew. 
Since the i n v e s t i g a t i o n s i n t o white snakeroot and 
r a y l e s s goldenrod "tremetol" were conducted t o f i n d the 
t o x i c c o n s t i t u e n t , a b r i e f summary of the t o x i c o l o g i c a l 
and pharmacolog ica l s t u d i e s of these p l a n t s f o l l o w s . 
Using sheep as a screen ing animal , Couch was a b l e t o show 
6 7 8 9 
that "tremetol" caused " trembles ." Couch a l s o 
9 
used guinea p i g s , c a t s and r a b b i t s f o r h i s s t u d i e s , but 
found sheep t o be b e s t . ^ A l l of the animals t h a t d ied of 
"trembles" showed l a r g e acetone concentra t ions in t h e i r 
ur ine and had the smel l of acetone on t h e i r b r e a t h . I n t e r n a l 
damage was conf ined m o s t l y to the l i v e r , with the k idneys , 
sp leen and lungs be ing i n v o l v e d . The b lood sugar l e v e l 
of the animals was depressed . Bonner s tud ied the t o x i c i t y 
of tremetone on g o l d f i s h , mice , r a b b i t s , sheep, chickens 
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and i n s e c t s . Crude "tremetol" was found t o cause the 
death of g o l d f i s h in 10 minutes ( 5 ° m g / l d o s e ) . Dehydro­
tremetone (30 m g / l ) caused death in 20 minutes , tremetone 
(J.) (30 m g / l ) in 2k minutes , and hydroxytremetone (30 m g / l ) 
in 21 minutes . Tremetone d id not cause "trembles" in any 
of the t e s t an imal s , but d id prove t o x i c toward them. 
Zalkow found t h a t a b a c t e r i o l o g i c a l screen was s a t i s f a c t o r y 
f o r f o l l o w i n g the o r i g i n a l chromatographic s epara t ion of 
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r a y l e s s goldenrod " t r e m e t o l . " From a random s e l e c t i o n 
of seventeen b a c t e r i a l c u l t u r e s , seven e x h i b i t e d growth 
i n h i b i t i o n by the crude t o x i n . B a c i l l u s cereus was chosen 
as an a s s a y organism because of i t s hard ines s and ease of 
c u l t i v a t i o n ; a l s o the crude t o x i n was shown to be b a c t e r i o ­
s t a t i c f o r B. c ereus . From t h i s s creen , he was ab le t o 
judge t h a t t o x o l was more t o x i c than dehydrotremetone. 
However, t o x o l i s not present in white snakeroot , and Zalkow 
showed t h a t in f e e d i n g experiments with sheep, t h a t the 
10 
p l a n t and "tremetol" were t o x i c "but t o x o l ( 5 ) was n o t . 
T h e r e f o r e , a l though s e v e r a l b i o l o g i c a l l y a c t i v e benzofuran 
d e r i v a t i v e s have been i s o l a t e d from " t r e m e t o l , " in no case 
have these proved t o be r e s p o n s i b l e f o r t o x i c i t y t o high 
an imals . 
I t i s i n t e r e s t i n g t o note tha t t o x o l ( 5 ) and 
tremetone ( 1 ) have the same a b s o l u t e c o n f i g u r a t i o n a t C-2 
2 9 
as tha t of rotenone (7 ) a t C-5 and presumably hydroxy-
tremetone ( 3 ) has the same c o n f i g u r a t i o n . The common furan 
r i n g and a b s o l u t e c o n f i g u r a t i o n a t C-2 and C-5 in tremetone 
and rotenone r e s p e c t i v e l y may be r e l a t e d t o t h e i r i n s e c t i -
c i d a l p r o p e r t i e s . Toxol ( 5 ) i s the on ly benzofuran of t h i s 
group which has a c h i r a l center a t C-3 and the f i n a l d e t e r ­
minat ion of the c o n f i g u r a t i o n a t t h i s center was only 
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r e c e n t l y r e s o l v e d . Zalkow c l e a r l y showed tha t t o x o l (5) 
has the C -2 , C-3 t r a n s arrangement and t h i s in format ion 
taken t o g e t h e r with i t s c o r r e l a t i o n with tremetone and r o t e ­
none l ends t o the 2S, JR c o n f i g u r a t i o n as represented in 5» 
c h 3 o 
G H 3 0 
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In a d d i t i o n to the above mentioned benzofurans , 
Zalkow a l s o i s o l a t e d two s t e r o i d s , and was ab le t o f u l l y 
c h a r a c t e r i z e them. From r a y l e s s goldenrod " t r e m e t o l , " he 
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was able t o i s o l a t e 5~androstane-3» 1 6 , 1 7 - t r i o l (8), 
t h i s was the f i r s t r epor ted androstrane d e r i v a t i v e t o be 
i s o l a t e d from a p l a n t source . In a d d i t i o n , he i s o l a t e d 
the s t e r o i d s t i g m a s t a - 8 ( l b ) , 2 2 - d i e n - 3 - o l ( 9 ) , 3 2 a 
s t e r o i d important because of the b i o g e n e t i c s i g n i f i c a n c e 
of the a v 1 ; double bond. 
Besides the more significant benzofurans and steroids, 
Z a l k o w 1 s s tudy of the e x t r a c t s of Isocoma w r i g h t i i y i e l d e d 
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the f o l l o w i n g t e r p e n e s : f r i e d e l i n ( 1 0 ) , J f r i e d e l a n - 3 - o l 
( l l ) , 3 3 ( + ) - l i m o n e n e ( 1 2 ) , 2 3 ( - ) - c a r v o n e ( 1 3 ) , 2 3 ( - ) - b o r n e o l 
( l ^ j ) , 2 3 borneo l a c e t a t e ( 1 ^ 5 ) , 3 3 caryophyl lene ( l 6 ) , 2 3 and 
33 
caryophyl lene oxide ( 1 7 ) . In a d d i t i o n , a c i d i f i c a t i o n of 
the a l k a l i n e s o l u t i o n remaining a f t e r s a p o n i f i c a t i o n of the 
concentrated methanol ic p l a n t e x t r a c t showed the presence 
of the f o l l o w i n g f a t t y a c i d s : s t e a r i c , m y r i s t i c , p a l m i t i c , 
23 
l a u r i c , oc tano ic and hexanoic . Zalkow has a l s o shown 
tha t the a l c o h o l i c p l a n t e x t r a c t of Iscoma w r i g h t i i conta ins 
a s m a l l , complex, a l k a l o i d f r a c t i o n . This a l k a l o i d p o r t i o n 
has not been c h a r a c t e r i z e d . 
Both the i n v e s t i g a t i o n of Iscoma w r i g h t i i and Eupa-
torium rugosum has r e s u l t e d in the i s o l a t i o n of s e v e r a l 
nove l secondary p l a n t m e t a b o l i t e s , but none have been 
proven r e s p o n s i b l e f o r the t o x i c i t y of these p l a n t s . The 

13 
14 
agent t h a t causes "milks ickness" and "trembles" has not 
yet "been i s o l a t e d . 
O r g i n a l l y , i t was the purpose of t h i s r e s e a r c h to 
r e i n v e s t i g a t e the p l a n t Iscoma w r i g h t i i in order to f i n d 
the t o x i c p r i n c i p l e . However, i t was found e a r l y in the 
i n v e s t i g a t i o n t h a t the chloroform f r a c t i o n of the e t h a n o l i c 
e x t r a c t of the p l a n t e x h i b i t e d ant i - tumor a c t i v i t y in P388 
lymphacytic leukemia tumors. There fore , a phytochemical 
i n v e s t i g a t i o n was i n i t i a t e d in order to f i n d as many of 
the major secondary p l a n t m e t a b o l i t e s of the p l a n t as 
p o s s i b l e and sent them to the N a t i o n a l I n s t i t u t e of Heal th 
f o r ant i - tumor t e s t i n g . I t i s , of course , not i n c o n c e i v a b l e 
t h a t the ant i - tumor agent and the t o x i n a r e , t h e same 
substance s ince t o x i c i t y has only been demonstrated on 
prolonged consumption of the p l a n t by high an imal s , or 
prolonged consumption of a f f e c t e d mi lk by humans. In 
a d d i t i o n , both animals and humans removed from the source 
of contaminat ion p r i o r t o f a t a l dosage , have been shown 
t o r e c o v e r . * " J 
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CHAPTER I I 
INSTRUMENTATION AND EQUIPMENT 
M e l t i n g p o i n t s are uncorrec ted and were determined 
on e i t h e r a Thomas-Hoover c a p i l l a r y m e l t i n g p o i n t apparatus 
or a Thomas-Kofler micro hot s tage equipped with a m i c r o ­
scope . Microana lyse s were performed "by A t l a n t i c M i c r o -
l a b s , A t l a n t a , GA. Removal of s o l v e n t s in vacuo was done 
us ing a Buchler Instruments r o t a r y evaporator a t water 
a s p i r a t o r p r e s s u r e . I n f r a r e d s p e c t r a were recorded us ing 
a Perkin-Elmer 237B spectrophtometer with s o l i d s in the 
form of potassium bromide p e l l e t s or in carbon t e t r a c h l o r i d e 
or chloroform s o l u t i o n and l i q u i d s in the form of t h i n f i l m s 
between sodium c h l o r i d e p l a t e s or in carbon t e t r a c h l o r i d e 
or chloroform s o l u t i o n . The band a t 1601 cm of p o l y ­
s tyrene f i l m was used as a r e f e r e n c e . 
Nuclear magnetic resonance s p e c t r a were obtained 
us ing s o l u t i o n s conta in ing t e t r a m e t h y l s i l a n e as an i n t e r n a l 
s tandard. A l l 60 MHz H-NMR s p e c t r a were obta ined us ing 
Varian A s s o c i a t e s A-60D or T-60A spec t rometer s . The 
1 13 
100 MHz H-NMR and ^C-NMR s p e c t r a were obtained us ing 
a JEOL PFT-100 Four ier transform spectrometer a t 99*5 and 
13 
25 . 0 MHz, r e s p e c t i v e l y . -^ C-NMR spec tra are broad band 
proton decoupled u n l e s s s p e c i f i c a l l y d e s c r i b e d as o f f 
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resonance proton decoupled s p e c t r a . 
U l t r a v i o l e t spec tra were obtained with e i t h e r a 
Cary -1^ or a Perkin-Elmer Model 202 spectrophotometer . 
O p t i c a l r o t a r y d i s p e r s i o n curves were obta ined us ing a 
JASCO ORD/UV-5 spectrophotometer . The mass spec tra were 
obtained with an H i t a c h i Perkin-Elmer Model RMU-7L or a 
Varian Model M-66 mass spec trometer . 
Gas chromatograph t r a c e s were obtained with e i t h e r 
a Hewlett -Packard Model ^02 gas chromatograph or an F 
and M Model ^ 0 0 gas chromatograph; both gas chromatographs 
were equipped with f lame i o n i z a t i o n d e t e c t o r s . Prepara t ive 
gas chromatography was performed on a Varian Aerograph 
Model 27^-0 gas chromatograph equipped with a 10:1 stream 
s p l i t t e r and flame i o n i z a t i o n d e t e c t o r s . The GC columns 
used are l i s t e d in Table 1. 
Table 1. GC Columns 
Column 
Number 
L iqu id 
Phase 
S o l i d 
Support 
Column 
S i z e 
Column 
M a t e r i a l 
I J/o SE-30 100/120 Gas 
Chrom Q 
x i A " g l a s s 
I I jfo SE-30 60 /80 Chromosorb • 
W (ac id-washed) 
6' x i A " g l a s s 
I I I Jfo O V - l ? 100/120 Gas 
Chrom Q 
6' x i A " g l a s s 
IV 1.30 OV-101 100/120 H/P Gas 
Chrom G 
5' X 1/8" s t a i n l e s s 
s t e e l 
V Jfo OV-l7 60 /80 Chromosorb 
W (ac id-washed) 
6' x 3/8" g l a s s 
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CHAPTER I I I 
EXPERIMENTAL 
C o l l e c t i o n of Plant M a t e r i a l 
The above-ground p o r t i o n of Iscoma w r i g h t i i 
( r a y l e s s go ldenrod) was c o l l e c t e d near the A r t e s i a , New 
Mexico area in October , 1968. The m a t e r i a l was c a r e f u l l y 
dr ied in a low-humidity atmosphere then c o a r s e l y ground. 
The p l a n t m a t e r i a l was shipped in s e a l e d , brown paper bags 
enc losed in cardboard c o n t a i n e r s . 
E x t r a c t i o n Using NIH Procedure 
R a y l e s s goldenrod (5•05 kg) was p laced in a l a r g e 
Soxhle t e x t r a c t o r a long with 10-1 of f r e s h l y d i s t i l l e d 
hexane (bp 6 6 - 6 7 ° C ) . The e x t r a c t i o n continued u n t i l the 
hexane running through the p l a n t m a t e r i a l was c o l o r l e s s , 
about 24 hours . A f t e r removal of the s o l v e n t i n vacuo, 
8 4 . 3 g of hexane s o l u b l e e x t r a c t was obta ined . 
The p l a n t m a t e r i a l was removed from the e x t r a c t o r 
and al lowed to dry in a forced a i r d r a f t o v e r n i g h t . The 
p l a n t m a t e r i a l was then p laced back in the e x t r a c t o r with 
10-1 of f r e s h l y d i s t i l l e d 95$ e thanol (bp 77-77'5°C). 
The e x t r a c t i o n was continued u n t i l the s o l v e n t running 
through the p lant m a t e r i a l was c l e a r and c o l o r l e s s . This 
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procedure took approximate ly four days . A f t e r removal 
of the s o l v e n t in vacuo, 36 3 6 o f e thano l s o l u b l e m a t e r i a l 
was obta ined . 
The e thano l s o l u b l e m a t e r i a l (360 g ) was d i s s o l v e d 
in 4 - 1 of e t h a n o l - f r e e chloroform and water ( 1 : 1 ) and 
p laced i n t o a l a r g e continuous chloroform e x t r a c t o r . The 
e x t r a c t o r was run c o n t i n u o u s l y u n t i l the chloroform l a y e r 
was c o l o r l e s s , about seven days . The chloroform and 
water l a y e r s were s epara ted; a f t e r removal of the c h l o r o ­
form in vacuo , 140 g of chloroform soluble material was 
obta ined . Removal of the water from the water l a y e r was 
done by l y o p h i l i z a t i o n , and 217 g of water s o l u b l e m a t e r i a l 
was obta ined . 
Samples of the e thano l s o l u b l e m a t e r i a l and of the 
chloroform s o l u b l e m a t e r i a l were sent t o the N a t i o n a l 
I n s t i t u t e of Heal th f o r t e s t i n g ( see Chart 2 f o r complete 
p r o c e d u r e ) . 
Attempted Separat ion of the 
Chloroform S o l u b l e M a t e r i a l 
Chloroform s o l u b l e p l a n t m a t e r i a l (1 .1 g ) was 
chromatographed on 100 g of alumina (Merck ac id-washed, 
a c t i v i t y I ) , which was packed in benzene. The f o l l o w i n g 
e l u t i o n scheme was f o l l o w e d : 
Chart 2 . NIH Procedure 
MARC 
DISCARDED 
PLANT MATERIAL 
EXTRACT WITH 
HEXANE 
95% 
ETHANOL 
HEXANE 
ETHANOL 
SOLUBLE -A 
PARTITION BETWEEN 
CHLOROFORM s WATER 
1 : 1 
CHLOROFORM 
SOLUBLE -B 
WATER 
SOLUBLE -C 
A ,B ,C sent to NIH f o r t e s t i n g . 
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F r a c t i o n So lvent Weight ( g ) 
1(1-1) 
2 ( . 5 - D 
3 ( . 7 5 - D 
4 ( . 5 - D 
5 ( . 5 - D 
6 C . 7 5 -D 
7 ( - 5 - U 
8 ( . 7 5 - D 
9 ( l - D 
Benzene 
1 :4 Chloroform-Benzene 
1:4 Chloroform-Benzene 
1:1 Chloroform-Benzene 
1:1 Chloroform-Ether 
1:1 E ther -Ethano l 
Chloroform 
Ethanol 
Ether 
0.0205 
0.0129 
0.0159 
0 . 0141 
0 . 0241 
0 . 0412 
0.0173 
0.0717 
0.0000 
0.2177 g 
The chromatography was f o l l o w e d by GC (Col I I , 170°C); 
a l l of the f r a c t i o n s were complex m i x t u r e s , with most of 
the s t a r t i n g m a t e r i a l s t a y i n g on the column. 
A sample (79-9 g ) of chloroform s o l u b l e p l a n t 
e x t r a c t was p a r t i t i o n e d in the f o l l o w i n g s o l v e n t m i x t u r e : 
water , 250 ml , 95$ e t h a n o l , 750 ml and benzene, 3000 ml . 
The s o l u t i o n was s t i r r e d m a g n e t i c a l l y in a 6-1 f l a s k f o r 
one week. The mixture separated i n t o two l a y e r s - a 
benzene r i c h l a y e r and an e thano l -water r i c h l a y e r . Evapor­
a t i o n of the s o l v e n t s in vacuo y i e l d e d 53«3 g from the 
benzene r i c h l a y e r and 13«7 g from the e thanol -water r i c h 
l a y e r . 
P a r t i t i o n of Chloroform S o l u b l e M a t e r i a l 
Among Benzene, Ethanol and Water 
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Attempted Separat ion of the 
Benzene S o l u b l e P l a n t M a t e r i a l 
The benzene s o l u b l e m a t e r i a l (10 .0 g ) was charged 
t o a chromatography column packed with 500 g of s i l i c a g e l 
in 1:1 hexane-benzene. The column was e l u t e d by the f o l ­
lowing scheme: 
Frac t ion 
(250 ml ea ) 
S o l v e n t Weight ( g ) 
1-6 1:1 Hexane-Benzene 2.16 
7-23 Benzene 1.78 
24-31 2$ Ether in Benzene 1 . 2 8 
32-48 10$ Ether in Benzene 2 . 4 2 
49-56 30$ Ether in Benzene 0.72 
57-68 Ethanol O.32 
8.68 g 
The chromatography was f o l l o w e d by GC (Gol I , 
170°C) . I t was n o t i c e d during t h i s 1 chromatography tha t 
not a l l of the peaks came o f f the GC at 170°C; the GC 
oven had to be r a i s e d to 260°C f o r a l l of the peaks t o 
come o f f the GC column. 
A l l of the f r a c t i o n s from t h i s chromatography were 
complex showing many peaks a t both 170°C and 260°C; some 
of the m a t e r i a l s t i l l d id not e l u t e from the alumina column. 
The benzene s o l u b l e f r a c t i o n was chromatographed 
s e v e r a l t imes us ing d i f f e r e n t adsorbant - compound 
r a t i o s but no pure compounds were obta ined . 
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Base Washing of Benzene S o l u b l e M a t e r i a l 
< Benzene s o l u b l e r a y l e s s goldenrod (10 g ) d i s s o l v e d 
in 75 ml of benzene was washed with 5$ ( i c e - c o l d ) sodium 
hydroxide u n t i l the base l a y e r (aqueous l a y e r ) was c l e a r 
(5 x 25 m l ) . The benzene l a y e r was washed with water , 
br ine and d r i e d over magnesium s u l f a t e . Evaporat ion of 
the s o l v e n t i n vacuo y i e l d e d 1.26 g of n o n - a c i d , benzene 
s o l u b l e p l a n t m a t e r i a l . The aqueous l a y e r was a c i d i f i e d 
with 6N h y d r o c h l o r i c a c i d and e x t r a c t e d (4 x 100 ml ) with 
e t h e r . Evaporat ion of the e ther in vacuo y i e l d e d 8.53 g 
of a c i d p l a n t m a t e r i a l . 
A GC study was done (Col I I ) in order to determine 
what known compounds were in the benzene, a c i d - f r e e p l a n t 
m a t e r i a l . At 170°C t o x o l , tremetone and 2,5 d i a c e t y l b e n z o -
furan were i d e n t i f i e d by r e t e n t i o n t ime and mixed i n j e c t i o n 
( s ee Appendix 1 p . 89 f o r GC t r a c e s ) . At 260°C, the GC 
t r a c e s showed at l e a s t seven peaks ( s ee Appendix 1, p . 92 
f o r GC t r a c e ) . 
S t e a m - D i s t i l l a t i o n of Base-Washed Benzene 
S o l u b l e P lan t M a t e r i a l 
Base-washed, b e n z e n e - s o l u b l e r a y l e s s goldenrod ex­
t r a c t ( .95 g ) was p laced i n t o a 250 ml round-bottomed f l a s k 
with 175 ml of d i s t i l l e d water . Th i s was a t tached t o a 
' 68 
continuous s t e a m - d i s t i l l a t i o n e ther e x t r a c t i o n apparatus . 
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The e x t r a c t o r was run c o n t i n u o u s l y f o r three days . The 
r e s i d u e was recovered from the water by e x t r a c t i o n with 
benzene (4 x 100 m l ) . A f t e r drying with magnesium s u l f a t e , 
the s o l v e n t was evaporated in vacuo t o y i e l d 0.83 g of non-
steam v o l a t i l e r e s i d u e . The steam d i s t i l l a t e was recovered 
by d i s t i l l i n g the e ther through a 12 - inch V igreux column -
0.12 g of s t e a m - v o l a t i l e o i l was obta ined . 
A GC study (C01 I I ) showed that the high molecu lar 
weight m a t e r i a l and 2,5 d i a c e t y l b e n z o f u r a n were in the non-
steam v o l a t i l e r e s i d u e and tha t tremetone , t o x o l and a lmost 
a l l the low b o i l i n g components were in the steam d i s t i l l a t e 
( see Appendix 1 p . 93 f o r t r a c e s ) . 
I s o l a t i o n of 2 ,5 D iace ty lbenzo furan 
Pre l iminary micro-chromatographies of the non-
steam v o l a t i l e r e s i d u e showed 2,5 d i a c e t y l b e n z o f u r a n could 
be separated from the high molecu lar weight m a t e r i a l s by 
adsorbing the mixture on a s i l i c a g e l column and e l u t i n g 
with 10$ e ther in benzene s o l u t i o n . A p o r t i o n (4 .71 g ) 
of the r e s i d u e was chromatographed on 200 g of s i l i c a g e l 
packed in hexane. F i f t y - e i g h t column volumes (250 ml) 
were c o l l e c t e d us ing the f o l l o w i n g e l u t i o n scheme: 
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F r a c t i o n s So lvent Weight ( g ) 
1-6 1:1 Hexane-Benzene 0.11 
7-23 Benzene 0 .64 
24 -31 2$ Ether in Benzene 0 .41 
32-40 10$ Ether in Benzene 0.32 
4 1 - 4 8 10$ Ether in Benzene 0.57 
49 -56 30$ Ether in Benzene 0.82 
57-58 1:1 E ther -Ethano l 1.60 
4 . 50 g 
F r a c t i o n 36 y i e l d e d 
0 .046 g of pure 2,5 d i a c e t y l -
benzofuran (6) which had the 
f o l l o w i n g s p e c t r a l and p h y s i c a l 
p r o p e r t i e s : 
GC: R t = 6.6 min (Col I I , 170°C) 
MP: 139 -140°C l i t . 2 6 mp = 139 -140°C 
I R : ^ C H C 1 ( c m " 1 ) : 1680, I63O, 1570, I365, 1305, 1280, 
1160 
1H-NMR (100 MHz, 6 , CDCl^): 2.63 ( 3H , s , ketone m e t h y l ) , 
2.68 ( 3H , s , ketone m e t h y l ) , 7 .57 (1H, s,, aromatic 
p r o t o n ) , 7*62 (1H, d, J = 9.0 Hz, aromatic p r o t o n ) , 
8.I3 (1H, dd, J = 1 . 7 , 9.0 Hz, aromatic p r o t o n ) , 
8.35 (1H, d, J = 1.7 Hz, aromatic p r o t o n ) . 
1 3 C-NMR ( 6 , CDCl^); 195 -4 ( s J ^ , ketone c a r b o n ) , 1 8 6 . 7 
( s , ketone c a r b o n ) , 156 .7 ( s , aromatic c a r b o n ) , 
127*5 ( d , aromatic c a r b o n ) , 1 3 2 . 8 - ( s , aromatic 
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c a r b o n ) , 126 .4 ( s , aromatic c a r b o n ) , 1 2 4 . 3 
( d , aromatic c a r b o n ) , 111 .8 ( d , aromatic c a r b o n ) , 
152 .8 ( s , aromatic c a r b o n ) , 113»1 ( d , aromatic 
c a r b o n ) , 26.5 methyl c a r b o n ) , and 26.3 
( q , methyl carbon) . 
Mass Spectrum: M * Q u n d = 202 ( 4 1 $ ) , 1 8 ? (100$) see Appendix 
2, p . 115. 
F r a c t i o n 46 y i e l d e d 0.026 g of i m p u r e , t o x o l (5) 
no other pure compounds were obtained in t h i s chroma­
tography. The i s o l a t i o n procedure f o r o b t a i n i n g 2,5 d i ­
ace ty lbenzofuran i s shown in Chart 3. 
M o d i f i c a t i o n of Burke 's P r o c e d u r e : ^ 
I s o l a t i o n of the "Red J e l l y " 
R a y l e s s goldenrod ( 2 .3 kg) was p laced in a l a r g e 
Soxhle t e x t r a c t o r and e x t r a c t e d e x h a u s t i v e l y wi th 10-1 
of f r e s h l y d i s t i l l e d hexane. The p l a n t m a t e r i a l was 
removed from the e x t r a c t o r and a i r - d r i e d overnight in 
a fume hood. E v a p o r a t i o n of the hexane in vacuo y i e l d e d 
26c8 g of hexane s o l u b l e m a t e r i a l . The p l a n t m a t e r i a l 
was packed back i n t o the e x t r a c t o r and e x t r a c t e d exhaus­
t i v e l y with 10-1 of d i s t i l l e d 95$ e t h a n o l . The e thanol -
was removed by r o t a r y evaporator to y i e l d 192 .8 g of 
a dark green v i s c o u s gum. 
The e t h a n o l s o l u b l e m a t e r i a l (192 . 8 g ) was 
d i s s o l v e d in 1.5-1 of 50$ aqueous methanol conta in ing 
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Chart 3. I s o l a t i o n of 2,5 D iace ty lbenzo furan 
CHLOROFORM SOLUBLE 
FRACTION FROM CHART 2 
BENZENE : ETHANOL(95$) ' WATER 
3 .75 * .25 
PARTITION 
ETHANOL-WATER BENZENE-RICH 
-WATER BENZENE SOLUBLE 
SOLUBLE 
WASHED WITH 
ICE-COLD 5$ 
SODIUM HYDROXIDE 
NON-ACID 
FRACTION 
ACID 
FRACTION 
STEAM 
DISTILLATION 
RESIDUE STEAM 
DISTILLATE 
2,5 DIACETYLBENZOFURAN 
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105.0 g of potassium hydroxide (reagent g r a d e ) . This 
s o l u t i o n was p laced i n t o a three l i t e r round-bottomed 
f l a s k equipped with a heat ing mantle and a r e f l u x 
condenser. The s o l u t i o n was r e f l u x e d f o r f o r t y - e i g h t 
hours . The methanol was removed by d i s t i l l a t i o n and 
the r e s u l t i n g s o l u t i o n was d i l u t e d with one l i t e r of 
water . This s o l u t i o n was c o n t i n u o u s l y e x t r a c t e d with 
e ther f o r f o r t y - e i g h t hours . The e ther was dr i ed over 
magnesium s u l f a t e and evaporated in vacuo t o y i e l d 7.4 g 
of a red j e l l y . The procedure i s o u t l i n e d in Chart 4 . 
Separat ion of the "Red J e l l y " 
The "red j e l l y " (4 .53 g ) was d i s s o l v e d in 50 ml 
of d i s t i l l e d methanol conta in ing 4 .00 g of G i r a r d ' s T 
Reagent ( see f i g u r e 1, p . 31) and 1.0 ml of g l a c i a l a c e t i c 
a c i d . This s o l u t i o n was heated a t r e f l u x f o r one hour. 
The s o l u t i o n was then coo led in an i c e bath and poured 
i n t o 50 ml of a 10$ sodium carbonate s o l u t i o n . This 
s o l u t i o n was e x t r a c t e d with e ther (3 x 25 m l ) . The 
e ther l a y e r was. separated and d r i e d over magnesium s u l f a t e . 
The e ther l a y e r was evaporated in vacuo t o y i e l d 3.6 g of 
the non-ketone f r a c t i o n . The aqueous l a y e r was a c i d i f i e d 
with 6N h y d r o c h l o r i c ac id t o a pH of 2 . This s o l u t i o n 
was then e x t r a c t e d with e ther (3 x 25 m l ) . A f t e r dry ing 
the e ther l a y e r over magnesium s u l f a t e , evaporat ion 
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Chart 4 . I s o l a t i o n of "Red J e l l y " 
( 
RAYLESS GOLDENROD 
HEXANE 
SOLUBLE 
ETHER 
INSOLUBLE 
EXTRACT WITH 
HEXANE 
95$ ETHANOL 
ETHANOL 
SOLUBLE 
MARC 
DISCARDED 
1) SAPONIFY 
2) ETHER EXTRACTION 
ETHER SOLUBLE 
"RED JELLY" 
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y i e l d e d 0.88 g of the ketone f r a c t i o n of the "red j e l l y . " 
This procedure i s o u t l i n e d in Chart 5« 
• \ • - • 
Separat ion of the Ketone F r a c t i o n 
GC a n a l y s i s (Co l I I , 1?0°C) of the ketone f r a c t i o n 
showed three major components: 
R t = 5.3 min ( 1 7 . 3 $ ) . R t = 6.3 min ( 1 3 . 2 $ ) , and R t = 8.6 
min ( 6 9 . 5 $ ) . 
The ketone f r a c t i o n (0 .88 g ) was chromatographed 
on 100 g of s i l i c a g e l packed in 4 : 1 hexane:"benzene. The 
column was e l u t e d us ing the f o l l o w i n g scheme: 
F r a c t i o n s So lvent Weight ( g ) 
1-30 Benzene 0.10 
31-39 3$ Ether in Benzene 0.02 
4 0 - 4 1 • 10$ Ether in Benzene 0 . 04 
42 -44 10$ Ether in Benzene 0.01 
45-75 10$ Ether in Benzene 0.40 
76-90 30$ Ether in Benzene 0 . 1 4 
0.71 g 
F r a c t i o n a l y i e l d e d 
43.2 mg of dehydrotremetone (2j 
which had the f o l l o w i n g s p e c t r a l 
and p h y s i c a l p r o p e r t i e s : 
GC: R t = 5.3 min (Col I I , 170°C) 
MP: 84 -85°C (from hexane) 
I R : i/^-Ccm"1) 2955, 2925, 1675, 
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Chart 5. Separat ion of "Red J e l l y " 
"Red J e l l y " 
GIRARD'S T 
REAGENT 
KETONE 
FRACTION 
NON-KETONE 
FRACTION 
O 
I I + 
R F ? 
GIRARD'S T 
REAGENT 
C 2H^0H-Ac0H 
HC1-H 2 0 
O C H 3 
N - N - C - C H - n C 3 A 2 ~ . e C H . 
R R 
C I 
W a t e r - S o l u b l e D e r i v a t i v e 
Figure 1. G i r a r d ' s T D e r i v a t i v e Formation 
32 
1 2 7 5 , 1 2 4 5 , 1 1 6 5 , 925 , 8 4 0 , 820 
1H-NMR (100 MHz, 6, CDCl^) : 1 .80 (3H, s , o l e f i n i c m e t h y l ) , 
2 .22 (3H, s , ke ton ic m e t h y l ) , 5 . 2 3 (1H, b s , o l e f i n i c 
p r o t o n ) , 5 .83 (1H, b s , o l e f i n i c p r o t o n ) , 6 . 67 (1H, 
s , aromatic p r o t o n ) , 7»43 (1H, d, J = .8.7 Hz, 
aromatic p r o t o n ) , 7 . 9 3 (1H, dd, J = 2 . 0 , 8.7 Hz, 
aromatic p r o t o n ) , 8 . 1 7 (1H, d, J = 2 . 0 Hz, aromatic 
p r o t o n ) . 
1 3 C-NMR ( 6 , C D C 1 3 ) : I 9 6 . 3 (s, ketone c a r b o n ) , 1 5 7 . 5 ( s , 
aromatic c a r b o n ) , 1 5 6 . 4 ( s , aromatic c a r b o n ) , 1 3 L 9 
( s , o l e f i n c a r b o n ) , 1 2 8 . 4 ( s , aromatic c a r b o n ) , 
1 2 1 . 4 ( d , aromatic c a r b o n ) , H 3 . 6 ( t , o l e f i n c a r b o n ) , 
1 0 2 . 5 (d , aromatic c a r b o n ) , 26 .4 ( q , methyl ketone 
c a r b o n ) , and 1 9 . 0 ( q , methyl o l e f i n carbon) . 
UV (95$ e t h a n o l ) : 254 ( 3 6 , 9 0 0 ) , 282 ( 1 8 , 2 6 0 ) , 285 ( 1 6 , 7 0 0 ) , 
294 ( 1 4 , 0 0 0 ) , 310 ( 4 , 6 6 0 ) . 
Mass Spectrum: M * o u n d = 200 ( 5 2 $ ) , 185 (100$) see Appendix 
2 , p . 1 1 3 . 
Frac t ion 43 and 44 y i e l d e d 
ten mg of tremetone (JL) which had 
the f o l l o w i n g p h y s i c a l and 
s p e c t r a l p r o p e r t i e s : 
GC: R t = 6 . 3 min (Col I I , 1 7 0 ° C ) J. 
MP: 38-39°C 
IR: ^ c C l 4 ( c m " 1 ) ! l 6 ? 2 f 1 6 ° 5 ' 1 2 6 5 t 1 2 3 0 t 9 0 5 
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1H-NMR (100 MHz, 6, CDCl^): 1.76 (3H, b s , o l e f i n i c 
methyl p r o t o n s ) , 2 .53 (3H, s , ke ton ic methyl 
p r o t o n s ) , 3-08 (1H, m ) , 3-36 (1H, m ) , 5-09 (1H, 
b s , o l e f i n i c p r o t o n ) , 5*18 (1H, b s , o l e f i n i c 
p r o t o n ) , 5-27 (1H, t , J = 9 . 0 Hz, aromatic p r o t o n ) , 
6 . 8 1 (1H, d, J = 9 . 0 Hz, aromatic p r o t o n ) , 7«84 
(2H, m, aromatic p r o t o n s ) . 
1 3 C-NMR ( 6 , CDCl^): 195-3 (ketone c a r b o n ) , I63.3 
(aromat ic c a r b o n ) , 1 4 2 . 6 ( o l e f i n i c c a r b o n ) , 
I3O.3 (aromat ic c a r b o n ) , 129.9 (aromat ic c a r b o n ) , 
126.9 (aromat ic c a r b o n ) , 1 2 4 . 9 (aromat ic carbon) , 
1 1 1 . 9 ( o l e f i n i c c a r b o n ) , 108.3 (aromat ic c a r b o n ) , 
86.5 (benzofuran methine c a r b o n ) , 33•9 (benzofuran 
methylene c a r b o n ) , 26.1 (ketone m e t h y l ) , and 17 . 0 
( o l e f i n i c m e t h y l ) . 
ORD (c = 0 . 8 7 , a b s . e t h a n o l ) : OT589 = - 7 6 . 6 ( [ a ] | g 9 = 
- 3 7 . 9 , \JQ335 t r o u g h = -871.7 
UV ( a b s . e t h a n o l ) : 226 (8630) , 279 ( 8 1 0 0 ) , 286 ( 7 , 9 0 0 ) . 
A n a l y s i s : ( c i 3 H i ^ ° 2 ) c a l c u l a t e d : C 77-20, H 6.98 
found C 77.15, H 7.01 
Mass Spectrum: M * Q u n d = 202 (91$ ) , 43 (100$) see Appendix 
2 , p . 112. 
F r a c t i o n s 76-90 y i e l d e d 
1 4 0 . O mg of pure t o x o l (5 ) which 
had the f o l l o w i n g s p e c t r a l and " ^ C ^ 
3^ 
p h y s i c a l p r o p e r t i e s : 
GC: R t = 8 .6 min (Col I I , 170 QC) 
I R : J / C H C 1 ( c m " 1 ) : 3450, 1670, 1660, 1610 
1H-NMR (100 MHz, 6, CDCl^): 1 .73 (3H, s , o l e f i n i c methyl 
p r o t o n s ) , 2 .51 (3H, s , ke ton ic methyl p r o t o n s ) , 3-87 
(1H, bm, hydroxyl p r o t o n ) , 4.93 (1H, "bs, o l e f i n i c 
p r o t o n ) , 5 . 0 8 (1H, b s , o l e f i n i c p r o t o n ) , 4.97 (1H, 
m) , 5.15 (1H, m) , 6 . 8 8 (1H, d, J = 8 . 5 Hz, aromatic 
p r o t o n ) , 7 . 8 8 (1H, dd, J = 2 . 0 , 8.5 Hz, aromatic 
proton), 8 .02 (1H, d, J = 2 . 0 Hz, aromatic proton). 
1 3 C-NMR ( 6 , CDCl^): I96.3 ( s , ketone c a r b o n ) , 163-5 ( s , 
aromatic c a r b o n ) , 1 4 0 . 5 ( s , o l e f i n i c c a r b o n ) , I 3 I . 7 
( d , aromatic c a r b o n ) , 130 .1 ( s , aromatic c a r b o n ) , 
1 2 8 . 5 ( s , aromatic c a r b o n ) , 126.3 ( d , aromatic 
c a r b o n ) , 112 .2 ( t , o l e f i n i c c a r b o n ) , 109.4 ( d , 
aromatic c a r b o n ) , 94.3 ( d , benzofuran methine c a r b o n ) , 
75-3 ( d , benzofuran hydroxyl c a r b o n ) , 26.3 (q» 
ketone methyl c a r b o n ) , 17-4 ( q , o l e f i n i c methyl 
carbon) . 
0RD (c = 4 . 8 0 , a b s . e t h a n o l ) : W^q9 = - 2 5 . 1 • ( [ . c t ] ^ = 
- 1 1 . 5 ) , W 5 5 0 = - 3 1 . 9 , W 5 0 0 = - ^ 5 . 4 , W \ 5 0 = 
- 6 8 . 3 , W \ q 0 = " 1 2 2 - 7 
Mass Spectrum:
 d = 218 ( 28$ ) , 43 (100$) see Appendix 
2 , p . 1 1 4 . 
An o u t l i n e of the i s o l a t i o n procedure used t o obta in 
t o x o l ( 5 ) , dehydrotremetone ( 2 ) , and tremetone ( 1 ) , i s shown 
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in Chart 6 . 
Separat ion of Non-Ketone F r a c t i o n 
A GC study (Col I , program temp: 150 ° C , hold f o r 
e i g h t min, then programmed a t 20°C/min t o 245°C and he ld 
a t 2 4 5 ° C ) showed that the non-ketone mixture was complex 
having low and high "boiling components ( s ee Appendix 1 , 
p. 96 f o r the GC t r a c e ) . 
The non-ketone f r a c t i o n (33«9 g ) was chromatographed 
on 38O g of alumina (ac id-washed , Merck, a c t i v i t y I ) packed 
in hexane. The column was e l u t e d us ing the f o l l o w i n g scheme 
F r a c t i o n s So lvent Weight ( g ) 
1A Hexane 2 . 0 1 
2A Hexane 0 . 16 
3A Benzene 1 . 2 0 
4A Benzene 4 . 0 8 
5A Benzene 1 . 1 4 
6A Chloroform 4 . 9 1 
7A Chloroform 3.25 
8A 1:1 Chloroform-Methanol 9 . 0 3 
9A Methanol 3 .27 
10A Methanol 1 .26 
11A Methanol 1 . 3 1 
3 1 . 9 0 g 
93$ r e c o v e r y 
The chromatography was f o l l o w e d by GC (Col I , 
program temp: same as a b o v e ) . The GC t r a c e s are in 
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Chart 6. Separat ion of Ketone F r a c t i o n 
KETONE FRACTION 
CHROMATOGRAPHY ON 
lOOg OF SILICA GEL 
10$ ETHER IN BENZENE 
(100 ml) 
10$ ETHER IN BENZENE 
DEHYDROTREMET0NE 
TREMETONE 
(300 ml) 
30$ ETHER IN BENZENE
 T 0 X 0 L 
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Appendix 1 , p . 97 • An o u t l i n e of the chromatography as 
shown in Chart 7-
I s o l a t i o n of Phyto l 
GC t r a c e #4A (Appendix 1 , p . 99 ) showed t h a t there 
was mos t ly one component in t h i s f r a c t i o n . F r a c t i o n 4A 
( 4 . 0 8 g ) was chromatographed on 200 g of alumina ( A c t i v i t y 
I ) packed in benzene. The f o l l o w i n g e l u t i o n scheme was 
used: 
F r a c t i o n So lvent Weight ( g ) 
IB Benzene 0.03 
2B Benzene 0 .53 
3B Benzene 0 . 4 4 
4B Benzene 0 . 4 5 
5B Benzene 0 .70 
6B Benzene O .69 
7B Benzene 0 . 34 
8B Benzene 0 . 2 7 
9B Chloroform 0 . 1 5 
10B Chloroform 0 . 1 8 
11B Chloroform 0 . 0 0 
3 . 7 8 g 
The chromatography was f o l l o w e d by GC (Col I , program 
temp: same as a b o v e ) . F r a c t i o n s 8B and 9B were combined 
t o y i e l d 0 . 4 2 g of a compound t h a t had the same s p e c t r a l 
p r o p e r t i e s as phy to l ( 1 8 ) J : 
Chart 7« Separat ion of Non-Ketone F r a c t i o n 
NON-KETONE FRACTION 
CHROMATOGRAPHY ON 
380g ALUMINA 
(ACTIVITY I ) 
HEXANE (500 ml ) 
HEXANE ( 500 ml ) 
BENZENE (250 ml) 
BENZENE (500 ml) 
BENZENE (250 ml) 
CHLOROFORM (500 ml ) 
CHLOROFORM (500 ml ) 
CHLOROFORM 1 :1 
METHANOL (500 ml) 
METHANOL (100 ml) 
METHANOL (500 ml) 
METHANOL (2000 ml) 
1A 
2A 
3A 
4A 
5A 
7A 
9A 
10A 
11A 
39 
18 
GC: R .^ = 1 1 . 5 min (Col I , Program temp: same as a b o v e ) . 
IR: ^ C H C 1 ( c m " 1 ) : 3400 , 2935 , 1650, 1 4 6 0 , 1 3 8 0 , 9 8 0 
1H-NMR (60 MHz, 6, CDCI^Jj O .83 (6H , d, J = 4 . 0 H z ) , 
0 . 8 4 (6H, s ) , 1 . 3 0 (18H, b s ) , 1 . 6 5 (3H, s ) , 
2 . 0 0 ( 4 H , m ) , 4 . 1 9 (2H, b d ) , 5 -43 (1H, m) 
Mass Spectrum: M f o u n £ = 2 9 6 ( 1 $ ) , 71 ( 1 0 0 $ ) see Appendix 
2 , p . 117 . 
The i s o l a t i o n procedure used t o obta in p h y t o l ( 1 8 ) i s 
shown on Chart 8 . 
I s o l a t i o n of Hentr iacontane 
GC t r a c e #1A (Appendix 1 , p . 97 ) showed t h a t there 
were three major components in t h i s f r a c t i o n - R^ = 15*6 
min, 1 6 . 5 min, and 1 9 . 0 min. F r a c t i o n 1A ( I . 8 9 g ) was 
chromatographed on 200 g of alumina ( a c t i v i t y I ) packed 
in hexane. The f o l l o w i n g e l u t i o n scheme was u s e d : 
F r a c t i o n So lvent Weight ( g ) 
1C Hexane 0 . 8 8 
2C Hexane 0 . 0 0 
3C Hexane 0 . 1 0 
4C Hexane 0 . 0 0 
5C Hexane 0 . 0 0 
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Chart 8 . I s o l a t i o n of Phyto l 
FRACTION 4A (CHART 7) 
CHROMATOGRAPHY ON 
200g ALUMINA 
(ACTIVITY I ) BENZENE 
BENZENE 
BENZENE 
BENZENE 
BENZENE 
BENZENE 
BENZENE 
BENZENE 
100 ml) 
200 ml) 
400 ml) 
400 ml) 
400 ml) 
400 ml) 
400.ml) 
4 0 0 ml) 
CHLOROFORM ( 4 0 0 ml ) 
CHLOROFORM ( 4 0 0 ml) 
IB 
2B 
3B 
4B 
5B 
6B 
7B 
8B — I 
h— PHYTOL 
CHLOROFORM (400 ml ) 
9B 
10B 
11B 
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6C Hexane 0 . 0 0 
7C Hexane 0 .13 
8C Hexane 0 . 0 0 
9C Hexane 0 . 0 0 
IOC 1:1 Hexane-Benzene 0 .33 
11C Benzene 0 . 0 6 
12C Benzene 0 . 0 0 
13C Chloroform 0 . 07 
14C Chloroform 0 . 0 4 
1.16 g 
85$ r e c o v e r y 
The chromatography was f o l l o w e d by GC (Col I , program 
temp: same as a b o v e ) . The components with an of 
1 6 . 5 and 19.0 min came o f f in the f i r s t f r a c t i o n , #1C. 
The component with the R^ of 15.6 min came o f f in the t h i r d 
f r a c t i o n , #30 but was contaminated with the f i r s t two 
components. 
F r a c t i o n #1C, (O .782 g ) , was chromatographed on 
200 g of alumina ( a c t i v i t y I ) packed in hexane. The 
f o l l o w i n g e l u t i o n scheme was used : 
F r a c t i o n So lvent Weight ( g ) 
IF Hexane 0 . 0 0 0 0 
2F Hexane 0 . 0 0 0 0 
3F Hexane 0 . 0 0 0 0 
4F Hexane 0 . 0 0 0 0 
5F Hexane 0 . 0 1 4 4 
6F Hexane 0.4491 
7F Hexane O .29H 
4 2 
8F Hexane • 0 .0194 
9F Hexane 0 . 0 0 6 0 
10F Hexane 0 .0000 
0 .7800 g 
The chromatography was f o l l o w e d by GC (Col I V , program 
temp: 160°C, then program at 8°C/min t o 285°C and he ld 
at 285°C) . F r a c t i o n 7F was composed m o s t l y of the 
component with the l o n g e s t R^ - on t h i s column (Col I V ) 
the R^ = 15.6 min. F r a c t i o n 7F (0.2911 g ) was chromato-
graphed on 150 g of alumina ( a c t i v i t y I ) packed in 
hexane. The f o l l o w i n g e l u t i o n scheme was used: 
F r a c t i o n S o l v e n t Weight ( g ) 
1H Hexane 0 . 0 0 0 0 
2H Hexane 0 . 0 0 0 0 
3H Hexane 0 . 0 0 0 0 
4H Hexane 0 . 0 0 0 0 
5H Hexane 0 . 0 0 8 2 
6H Hexane 0 . 1 0 2 4 
7H Hexane 0 . 0 5 9 8 
8H Hexane 0 . 0 2 8 6 
9H Hexane 0 .0135 
10H Hexane 0 . 0 1 4 0 
11H Hexane
 ; 0 . 0 1 6 4 
12H Hexane 0 . 0 1 4 2 
13H Hexane 0 . 0 1 0 1 
14H Hexane 0 . 0 0 4 8 
15H Hexane 0 . 0 0 0 0 
0 . 2 7 2 0 g 
93$ r e c o v e r y 
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The chromatography was f o l l o w e d "by GC (Col I V , same program 
as b e f o r e ) . F r a c t i o n 10H ( 0 . 0 1 4 0 g ) contained the high 
R_l_ component; i t was 95$ pure (by GC) . The component 
had the same s p e c t r a l and p h y s i c a l p r o p e r t i e s as 
hentr iacontane ( 1 9 ) • 
C H 3 ( C H 2 ) 2 c r C H 3 
19 
GC: . R t = 5 . 4 min (Col I I I , 290°C) 
MP: 66 -68 ° C l i t . 3 9 = 67°C 
IR 
1 
: v c c l ^ ( c m " 1 ) : 2950 , 2930 , 2850 , 1460 , 1255 , 1095 , 1015 
H-NMR: (60 MHz, 6 , CDCl^) 1 . 2 8 ( s ) 
Mass Spectrum: M f o u n d = ^ 3 6 ( 4 $ ) , 57 (100$ ) see Appendix 
2 , p . 1 1 8 . 
Mass s p e c t r a l and gas chromatographic s t u d i e s were 
done on f r a c t i o n 10H in order t o show t h a t i t was indeed 
hentr iacontane ( 1 9 ) . Mass s p e c t r a were obtained f o r 
t r i a c o n t a n e ( C ^ q ) and dotr iacontane (C^^)* These can 
be compared in Appendix 2 , p . 119. These are i d e n t i c a l 
except f o r t h e i r r e s p e c t i v e molecular i o n s . GC t r a c e s 
were obtained f o r t r i a c o n t a n e and f o r d o t r i a c o n t a n e , 
R t = 4 . 4 and 6 . 5 min r e s p e c t i v e l y (Col I V , 2 9 0 ° C ) . A 
mixed i n j e c t i o n of f r a c t i o n 10H and the C ^ q and C ^ 
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hydrocarbons show t h a t the r e t e n t i o n time of f r a c t i o n 10H 
t o be inbetween the C ^ q and C . ^ hydrocarbons . The GC 
t r a c e s are shown in Appendix 1 , p . 1 0 8 . The i s o l a t i o n 
procedure used t o obta in hentr iacontane ( 1 9 ) i s shown on 
Chart 9 . 
I s o l a t i o n of Squalene 
GC t r a c e #3C , Appendix 1 , p . 1 0 7 , showed m o s t l y 
one component (Col I , program temp: s t a r t a t 2 1 0 ° C , he ld 
f o r 2 min, then 20°C/min t o 245°C and h e l d ) , R t = 5 -5 min. 
F r a c t i o n #3C ( 1 5 6 . 7 mg) was chromatographed on 1 6 . 0 g of 
alumina ( a c t i v i t y I ) packed in hexane. The f o l l o w i n g 
e l u t i o n scheme was used: 
F r a c t i o n S o l v e n t Weight ( g ) 
IE Hexane 0 .0494 
2E Hexane 0 .0417 
3E Hexane 0.0476 
4E Hexane 0.0000 
5E Hexane 0.0000 
6E Hexane 0.0000 
7E Hexane 0.0000 
O . I 3 8 7 
89$ r e c o v e r y 
The chromatography was f o l l o w e d by GC (Col I , program 
temp: same as a b o v e ) . F r a c t i o n 3C was composed of 95$ 
of the component with the R. = 5 -5 min. The component 
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Chart 9 . I s o l a t i o n of Hentr iacontane 
FRACTION 1A (CHART 7 ) 
CHROMATOGRAPHY 
ON 200g OF 
ALUMINA 
(ACTIVITY I ) 
CHROMATOGRAPHY 
ON 200g OF 
ALUMINA 
(ACTIVITY I ) 
HEXANE ( 2 0 0 ml) 
HEXANE ( 2 0 0 ml) 
HEXANE ( 2 0 0 ml) 
HEXANE ( 2 0 0 ml) 
1C 
3C 
5F HEXANE (25 ml) 
6F H E XANE (25 ml) 
7F HEXANE (25 ml) 
8 F HEXANE (25 ml) 
9F HEXANE (25 ml) 
HEXANE (25 ml) 
HEXANE (25 ml) 
HEXANE (25 ml ) 
HEXANE (25 ml) 
HEXANE (25 ml ) 
7H 
CHROMATOGRAPHY 
ON 200g OF 
ALUMINA 
(ACTIVITY I ) 
9H 
10H „ HENTRIACONTANE 
11H 
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GC: = 5-5 min (Col I , program temp: same as above) 
1H-NMR: ( 6 0 MHz, 6, CDCl^) 1 . 6 0 (24H, S , m e t h y l s ) , 1 . 9 8 
(20H, "bs, m e t h y l e n e s ) , 5 . 1 0 (6H, bm, o l e f i n p r o t o n s ) 
Mass Spectrum: M * Q u n d = 4 1 0 ( 2 $ ) , 81 ( 1 0 0 $ ) see Appendix 
2 , p . 1 2 1 . 
The i s o l a t i o n procedure used t o obta in squalene 
( 2 0 ) i s shown on Chart 1 0 . 
I s o l a t i o n of the S t e r o l F r a c t i o n 
GC t r a c e #7A (Appendix 1 , p . 102) showed t h a t 
f r a c t i o n 7A c o n s i s t e d m o s t l y of three components of, 
R_k = 1 9 . 7 , 2 0 . 4 , and 2 1 . 4 min r e s p e c t i v e l y . F r a c t i o n 
7A (3»25 g ) was chromatographed on 300 g of alumina 
( a c t i v i t y I ) packed in benzene. T h i r t y - e i g h t f r a c t i o n s 
of 300 ml each were taken us ing benzene with i n c r e a s i n g 
amounts of chloroform to 100$ chloroform as an e l u e n t . 
GC a n a l y s i s (Col I , 2 8 5 ° C ) of the f r a c t i o n s showed t h a t 
they could be combined as f o l l o w s : 
Chart 1 0 . I s o l a t i o n of Squalene 
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1 6 . 0 g ALUMINA 
(ACTIVITY I ) 
FRACTION 3C (CHART 
ON HEXANE ( 1 0 ml) 
HEXANE (1.0 ml) 
HEXANE ( 1 0 ml) 
HEXANE ( 1 0 ml) 
HEXANE ( 1 0 ml) 
HEXANE ( 1 0 ml) 
HEXANE ( 1 0 ml) 
IE 
2E 
3E SQUALENE 
5E 
7E 
4 8 
F r a c t i o n s S o l v e n t Weight ( g ) 
ID comb ( 1 - 1 2 ) Benzene- 0 . 1 6 
2D comb ( 1 3 - 1 8 ) 2 : 1 Benzene-Chloroform 0 . 22 
3D comb ( 1 9 - 2 1 ) 1 :1 Benzene-Chloroform 0 . 6 4 
4D comb ( 2 2 - 2 6 ) Chloroform 1.16 
5D comb ( 2 7 - 3 8 ) Chloroform 0 . 86 
3 . 0 4 g 
94$ r e c o v e r y 
F r a c t i o n 4D comb conta ined the three high molecu lar 
weight components. A l l three components e l u t e d from the 
column t o g e t h e r . F r a c t i o n 4D comb ( 1 . 1 6 g ) was chromato-
graphed on 100 g of alumina ( a c t i v i t y I I I ) packed in 
hexane. F i f t y 25 ml f r a c t i o n s were taken , us ing benzene 
as the e l u e n t . GC a n a l y s i s (Co l I V , 285°C) showed t h a t 
the f r a c t i o n s could be combined as f o l l o w s : 
F r a c t i o n s S o l v e n t Weight ( g ) 
1G comb ( 1 - 2 5 ) Benzene O .4944 
2G comb ( 2 6 - 2 9 ) Benzene 0.1902 
3G comb ( 3 0 - 3 2 ) Benzene 0.0900 
4G comb ( 3 3 - 5 0 ) Benzene O.I77O 
0.9516 g 
82$ r e c o v e r y 
F r a c t i o n 3C comb was shown by GC a n a l y s i s to 
be composed m o s t l y of the component with the middle 
R t - 2 0 . 4 min (Co l I , 2 8 5 ° C ) , 90$ pure by GC. The 
s p e c t r a l and p h y s i c a l p r o p e r t i e s of f r a c t i o n 3C comb 
GC: 20 .4 min (Col I , 285°C) , 6.3 min (Col I V , 285°C) 
MP: 164-165°C l i t . 3 2 = 165 -166°C 
I R : ^ ( c m ' 1 ) 3600, 2950, 2865, 1460, 1375 , 1 1 4 5 , 975 
'
1H-NMR (100 MHz, 6 , CDCl^): 0 . 55 (3H, s ) , 0.80 (3H, s ) , 
O . 7 8 - I . 8 0 (39H, over lapping m u l t i p l e t s ) , 3-62 
(1H, bm), 5.09 (2H, m) . 
Mass Spectrum: M ^ o u n d = 412 (3$) , 43 (100$) see Appendix 
2 , p . 122 . 
The other two high molecu lar weight components 
did not separate on t h i s column. F r a c t i o n 1G comb 
contained a l l three components. GC a n a l y s i s of t h i s 
f r a c t i o n on another column, Col V a t 290°C, showed 
tha t the mixture had a c t u a l l y four components, R^ = 1 4 . 0 , 
I6.3, 1 8 . 4 and 20 .1 min r e s p e c t i v e l y , ( s ee Appendix 1 , 
p . 110 f o r the GC t r a c e ) . The component with the 
R_k = I6.3 min was shown to be 9^, "by R^ and mixed i n j e c t i o n . 
Chromatography on s i l i c a g e l and on s i l i c a g e l 
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impregnated with s i l v e r n i t r a t e f a i l e d to separate the 
mix ture . 
The mixture was f i n a l l y separated "by p r e p a r a t i v e 
gas chromatography (Col V, 2 9 0 ° C ) . 
The component with the R^ of 1 4 . 0 min had the same 
s p e c t r a l and p h y s i c a l p r o p e r t i e s as an a u t h e n t i c sample of 
s t i g m a s t a - 5 , 2 2 - d i e n - 3 p - o l ( 2 1 ) ^ ° ; 
21 
GC: R t = 1 4 . 0 min (Col V, 2 9 0 ° C ) , au thent i c sample has 
same R 
F 
MP: 168 -170 ° C ; MP of a u t h e n t i c sample = 170 °C . Mixed 
MP showed no d e p r e s s i o n . 
I R : v C H C 1 ( c m " 1 ) 36OO, 2965 , 2875 , 1460 , 1380 , IO30, 974 
1H-NMR: (100 MHz, 6, CDCl^) 0 .70 (3H, s ) , 0 . 7 7 - 0 . 8 8 
(9H, over lapping m u l t i p l e t s ) , 1 .01 (3H, s ) , I . 0 3 
(3H, d, J = 10 H z ) , 1 . 1 - 2 . 0 (26H, hm), 3-52 (1H, 
DM), 5 . 09 (2H, t , J = 6 H z ) , 5 .35 (1H, hd, J = 6 H z ) . 
Mass Spectrum: M ^ o u n d = 4 1 2 ( 1 7 $ ) , 55 (100$ ) see 
Appendix 2 , p . 123 f o r the spectrum of the 
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n a t u r a l m a t e r i a l and the a u t h e n t i c sample. 
The component with the = 1 8 . 4 min had the same 
s p e c t r a l p r o p e r t i e s and MP as s t i g m a s t a - 8 ( 1 4 ) - e n - 3 p - o l 
2 2 
GC: R t = 1 8 . 4 min (Col V, 290°C) 
MP: 109 -111°C l i t . MP =• 1 0 8 - 1 1 1 ° C . 
IR: i / r r i (cm"*1) 3600, 2945, 2855, 1 4 5 5 , 1375, 1035 
H-NMR: (100 MHz, 6, CDCl^) 0 .54 (3H, s ) , 0 . 8 0 (3H, s ) , 
O . 78 - I .6O (41H, over lapping m u l t i p l e t s ) , 3»60 (1H, 
bm). 
Mass Spectrum: M f o u n d = ^lb ( 1 0 0 $ ) , 255 (45$) see Appendix 
2 , p . 125 . 
The component with the R^ = 2 0 . 1 min could not he 
obtained in enough q u a n t i t y so t h a t s p e c t r a l measurements 
could be ob ta ined . The i s o l a t i o n procedure used in 
obta in ing the s t e r o l s i s shown, on Chart 1 1 . 
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Chart 1 1 . I s o l a t i o n of the Three S t e r o i d s 
FRACTION 7A (CHART 7) 
CHROMATOGRAPHY 
ON 300g OF 
ALUMINA 
(ACTIVITY I ) 
BENZENE 
2 : 1 
BENZENE : CHLOROFORM 
1 : 1 
BENZENE : CHLOROFORM 
ID 
2D 
3D 
CHLOROFORM 
CHLOROFORM 
4D , 
5D 
PREP GC 
21 22 
1G ; 
BENZENE (500 ml) 
? q BENZENE (75 ml) 
3G BENZENE (75 ml) 
CHROMATOGRAPHY 
ON lOOg OF 
ALUMINA 
(ACTIVITY I I I ) 
BENZENE (300 ml) 
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CHAPTER IV 
DISCUSSION OF RESULTS 
As s t a t e d in the H i s t o r i c a l I n t r o d u c t i o n , the 
purpose of t h i s r e search was to f i n d as many of the major 
secondary p l a n t m e t a b o l i t e s of Isocoma w r i g h t i i as 
p o s s i b l e with the hope of f i n d i n g the agent r e s p o n s i b l e 
f o r the ant i - tumar a c t i v i t y of the chloroform f r a c t i o n 
of the e t h a n o l i c e x t r a c t of the p l a n t . 
E x t r a c t i o n of P lant M a t e r i a l and 
the I s o l a t i o n of a S e r i e s of Benzofurans 
The p l a n t m a t e r i a l used in t h i s s tudy was the above-
ground p o r t i o n s of Isocoma w r i g h t i i ( r a y l e s s go ldenrod) 
c o l l e c t e d near the A r t e s i a , New Mexico area i n October , 
1968. This m a t e r i a l was d r i e d in a low-humidi ty atmosphere 
and then c o a r s e l y ground. . 
The p l a n t m a t e r i a l was e x t r a c t e d us ing a procedure 
recommended by the N a t i o n a l I n s t i t u t e of H e a l t h . This p r o ­
cedure i s shown on Chart 2 , p . 2 0 . The r a y l e s s goldenrod 
was p laced in l a r g e Soxhle t e x t r a c t o r s and e x t r a c t e d f i r s t 
with hexane to d e f a t the p l a n t . The p l a n t m a t e r i a l was then 
removed from the e x t r a c t o r s and dr i ed overnight in a fume 
hood. The m a t e r i a l was then e x h a u s t i v e l y e x t r a c t e d 
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with 95$ e t h a n o l . Two S o x h l e t e x t r a c t o r s were u s u a l l y 
used , ho ld ing a t o t a l of approximate ly f i v e ki lograms 
of p l a n t m a t e r i a l and a t o t a l of 20 l i t e r s of each s o l v e n t . 
Evaporat ion of the hexane gave 8 0 - 8 5 g of hexane s o l u b l e 
p l a n t e x t r a c t . Evaporat ion of the e thano l y i e l d e d 350-365 g 
of e thano l s o l u b l e p l a n t e x t r a c t . The e x t r a c t i o n procedure 
u s u a l l y took about one week. 
The e thano l s o l u b l e m a t e r i a l was then d i s s o l v e d in 
a t o t a l of four l i t e r s of e t h a n o l - f r e e chloroform and 
water ( 1 : 1 ) and p laced i n t o a l a r g e continuous chloroform 
e x t r a c t o r . The e x t r a c t o r was run u n t i l the chloroform 
l a y e r was c o l o r l e s s ; t h i s u s u a l l y took about one week. 
The two l a y e r s were then s epara ted . About 140 g of c h l o r o ­
form s o l u b l e e x t r a c t were obta ined , a f t e r removal of the 
s o l v e n t . This was the e x t r a c t t h a t e x h i b i t e d the a n t i ­
tumor a c t i v i t y . The r e s u l t s of the ant i - tumor t e s t i n g 
w i l l be d i s c u s s e d in a l a t e r s e c t i o n . Removal of the water 
by l y o p h i l i z a t i o n , y i e l d e d about 220 g of water s o l u b l e 
p lan t e x t r a c t . 
Separat ion of the chloroform e x t r a c t was attempted 
us ing column chromatography on alumina; however, on ly 
complex mixtures were obta ined with most of the chloroform 
e x t r a c t s t a y i n g on the column even a f t e r e l u t i o n with 
e t h a n o l . I t was decided t h a t f u r t h e r s o l v e n t p a r t i t i o n i n g 
was needed. The chloroform p l a n t e x t r a c t (79«9 g ) was 
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d i s s o l v e d in a mixture of benzene (3000 m l ) , water (250 m l ) , 
and 95$ethanol (750 m l ) . Thi s m i x t u r e , s t i r r e d in a s i x 
l i t e r f l a s k f o r one week, separated on s tanding i n t o an 
upper benzene -r i ch l a y e r and a lower e thano l -water l a y e r . 
A f t e r s e p a r a t i o n , evaporat ion of the s o l v e n t s y i e l d e d 
about 53 g of benzene s o l u b l e m a t e r i a l and 14 g of e t h a n o l -
water s o l u b l e m a t e r i a l . 
The benzene s o l u b l e p l a n t e x t r a c t was chromatographed 
on s i l i c a g e l but again on ly complex mixtures r e s u l t e d 
with some m a t e r i a l s t i l l no t e l u t i n g from the column. 
Separat ion of the benzene s o l u b l e p l a n t m a t e r i a l was 
attempted s e v e r a l t imes us ing d i f f e r e n t adsorbant ( s i l i c a 
g e l ) - compound r a t i o s but no s epara t ion was ach ieved . 
The benzene s o l u b l e plaint m a t e r i a l (10 g ) was 
d i s s o l v e d in 75 ml of benzene and washed with 5$ sodium 
hydroxide s o l u t i o n ( i c e - c o l d ) in order t o remove any a c i d 
m a t e r i a l present in the e x t r a c t . The benzene l a y e r was 
then washed with water , with br ine and then d r i e d over 
magnesium s u l f a t e . Evaporat ion of the benzene y i e l d e d 
1.3 g of n o n - a c i d , benzene s o l u b l e p l a n t m a t e r i a l . The 
aqueous l a y e r was a c i d i f i e d with 6N h y d r o c h l o r i c ac id and 
e x t r a c t e d with e t h e r . Evaporat ion of the e ther l a y e r 
y i e l d e d 8.5 g of ac id m a t e r i a l . T h e r e f o r e , approximate ly 
85$ of the benzene s o l u b l e p l a n t m a t e r i a l d i s s o l v e d in 
the sodium hydroxide s o l u t i o n . This l a r g e a c i d f r a c t i o n 
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has "been observed in "both Isocoma w r i g h t i i and Eupatorium 
42a 
rugosum. A gas chromatography study of the a c i d - f r e e , 
"benzene s o l u b l e e x t r a c t (Co l I I , 170°C) showed t h a t t o x o l 
( 5 ) , tremetone ( 1 ) , and 2 , 5 d i a c t y l b e n z o f u r a n (6) were 
/mm **m 
present in t h i s e x t r a c t . Th i s was shown by GC comparison 
and mixed i n j e c t i o n of e x t r a c t and known samples . At 
260°C on the same column, the GC t r a c e s showed a t l e a s t 
seven peaks . See Appendix 1 , p . 92. 
I t was hoped t h a t i f the benzene s o l u b l e e x t r a c t 
was steam d i s t i l l e d , the benzofurans would be f r e e d of 
the higher molecular weight compounds. T h e r e f o r e , the 
benzene s o l u b l e e x t r a c t ( 0 . 9 5 g ) was p laced i n t o a 250 ml 
round-bottomed f l a s k with 175 ml of d i s t i l l e d water . 
This f l a s k was a t tached to a continuous steam d i s t i l l a t i o n -
ether e x t r a c t i o n apparatus . The e x t r a c t o r was run f o r 
three days . The r e s i d u e was recovered from the water by 
e x t r a c t i o n with benzene. A f t e r drying with magnesium 
s u l f a t e , evaporat ion of the s o l v e n t y i e l d e d O.83 g of non-
steam v o l a t i l e r e s i d u e . The steam d i s t i l l a t e was recovered 
by d i s t i l l i n g the e ther through a V igreux column - 0 . 1 2 g 
of s t e a m - v o l a t i l e o i l was ob ta ined . GC a n a l y s i s (Col I I , 
170°C and 260°C) showed t h a t the high molecu lar weight 
m a t e r i a l and 2 , 5 d i a c e t y l b e n z o f u r a n were in the non-steam 
v o l a t i l e r e s i d u e and tha t t o x o l , tremetone and almost a l l 
of the lower b o i l i n g components were in the steam d i s t i l l a t e . 
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The GC t r a c e s are in Appendix 1, p . 95» 
Column chromatography on s i l i c a g e l of the non­
v o l a t i l e steam d i s t i l l a t i o n r e s i d u e gave a c r y s t a l l i n e 
s o l i d , MP = 1 3 9 - 1 4 0 ° C . I t had the same MP and IR spectrum 
26 
as 2,5 d iace ty lbenzo furan ( 6 ) , as r e p o r t e d "by Ramming. 
I t had the same R^ on GC (Col I I , 170°C) as an a u t h e n t i c 
sample - a lone and on admixture . A sample of was sent 
to NIH f o r ant i - tumor t e s t i n g . The procedure used to 
obta in 6^ i s shown on Chart 3» No other pure compounds 
were i s o l a t e d . The steam v o l a t i l e p o r t i o n of the benzene 
e x t r a c t was not i n v e s t i g a t e d a t t h i s t ime , s ince i t was 
a complex mixture and could be obtained only in smal l 
q u a n t i t i e s . 
tremetone ( 1 ) and dehydrotremetone ( 2 ) t o NIH f o r t e s t i n g , 
i t was decided to abandon the NIH procedure a t t h i s po int 
and go on with a m o d i f i c a t i o n of Burke ' s procedure f o r 
23 
obta in ing 2 and 5» 
R a y l e s s goldenrod was e x t r a c t e d as descr ibed above 
to y i e l d the hexane s o l u b l e f r a c t i o n and the e thanol 
Since we wanted to send samples of t o x o l ( 5 ) , 
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s o l u b l e f r a c t i o n . The e thano l s o l u b l e f r a c t i o n (192.8 g ) 
was d i s s o l v e d in 1 . 5 - 1 of 50$ aqueous methanol conta in ing 
105.0 g of potassium hydroxide . This s o l u t i o n was heated 
at r e f l u x f o r f o r t y - e i g h t hours . The methanol was then 
removed by d i s t i l l a t i o n and the r e s u l t i n g s o l u t i o n was 
d i l u t e d with one l i t e r of water . This s o l u t i o n was con­
t i n u o u s l y e x t r a c t e d with e ther f o r f o r t y - e i g h t hours . The 
e ther s o l u t i o n was dr i ed over magnesium s u l f a t e and evapor­
ated t o g ive 7*4 g ^of a red j e l l y - l i k e m a t e r i a l . This 
"red j e l l y " was separated i n t o a ketone and a non-ketone 
f r a c t i o n us ing G i r a r d ' s T r e a g e n t , see F igure 1, p . 31« 
This s epara t ion procedure i s o u t l i n e d on Charts 4 and 5« 
The ketone f r a c t i o n was chromatographed on s i l i c a 
g e l . E l u t i o n with 10$ e ther in benzene y i e l d e d f i r s t a 
c r y s t a l l i n e s o l i d (A) and an o i l y l i q u i d ( B ) . E l u t i o n 
with 30$ e ther in benzene y i e l d e d another o i l y l i q u i d ( C ) . 
The s o l i d (A) had a MP of 8 4 - 8 5 ° C . I t had the same MP and 
17 
IR spectrum as repor ted f o r dehydrotremetone ( 2 ) . O i l 
24 
(B) had the same IR spectrum as tremetone ( 1 ) . The 
2 3 
second o i l (C) had the same IR spectrum as t o x o l (5)« 
2 
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Both tremetone ( 1 ) and t o x o l (5) had the same r e t e n t i o n 
time as authent i c samples , both alone and on admixture . 
An authent i c sample of dehydrotremetone (2) was not 
a v a i l a b l e . H-NMR spec tra ( 1 0 0 MHz) and mass s p e c t r a 
were obtained on all of the benzofurans. In addition, 
13 
enough of the benzofurans was i s o l a t e d so t h a t ^C-NMR 
s p e c t r a were a l s o obta ined . These s p e c t r a w i l l be d i s c u s s e d 
l a t e r . Samples of the three benzofurans were sent t o NIH 
f o r ant i - tumor t e s t i n g . An o u t l i n e of the i s o l a t i o n p r o ­
cedure used to obta in t o x o l (5)» dehydrotremetone ( 2 ) and 
tremetone ( 1 ) i s shown in Chart 6. 
R e c e n t l y in our l a b o r a t o r i e s another new benzofuran 
42b 
was i s o l a t e d , 23* The i s o l a t i o n procedure used to obta in 
t h i s compound i s shown in Chart 1 2 . 
The s t r u c t u r e of 23 was e l u c i d a t e d as f o l l o w s : 
1) A n a l y s i s i n d i c a t e d the molecu lar formula t o be C i 8 H 2 0 ° 4 * 
2 ) I t showed a n e g a t i v e Cotton e f f e c t in i t s ORD curve 
[ l i k e t o x o l (5)II F and had an o p t i c a l r o t a t i o n of 
[ a l p = - 1 1 4 . 7 (c = 4 . 6 2 ) determined by p o l a r i m e t e r and 
E a ^ 5 8 9 ^ = ~ 1 0 5 ' 6 ( ° = 2 . 3 1 ) c a l c u l a t e d from ORD curve . 
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RAYLESS GOLDENROD 
, HEXANE 
HEXANE SOLUBLE 
STEAM DISTILLATION 
ETHER EXTRACTION 
STEAM VOLATILE 
FRACTION 
STEAM NON-VOLATILE 
RESIDUE 
ETHER 
ETHER 
INSOLUBLE 
ETHER 
SOLUBLE 
WAXES 
BENZENE : EtOH : WATER 
3 i .75 « ' .25 
PARTITION 
BENZENE LAYER 
ETHANOL - WATER 
LAYER 
POLAR 
WASHED WITH % FRACTION 
AQUEOUS SODIUM HYDROXIDE 
ACID 
FRACTION 
NEUTRAL 
FRACTION 
CHROMATOGRAPHY ON ALUMINA 
TOXYL ANGELATE 
/ 
Chart 1 2 . I s o l a t i o n of Tpxyl Ange la te 
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3) The i n f r a r e d spectrum ( f i l m ) showed two s trong carbonyl 
- 1 - 1 
bands a t 1680 cm (conjugated C=0) and 1715 cm 
(conjugated C = 0 ) , a s w e l l as bands a t 1645 cm" 1 ( con­
jugated C=C) , 1600 cm" 1 (C=C aromat ic ) and very s t rong 
bands in the 1150-1300 cm" 1 r eg ion ( a , ^ - u n s a t u r a t e d 
e s t e r s ) . 
4) The 60 MHz 1H-NMR s p e c t r a (CCl^) showed the presence 
of a methyl ketone [6 2 . 4 7 (3H)D and a methyl on a 
double bond [ 5 I . 7 8 ( 3 H ) ] - both of these a b s o r p t i o n s 
are i n d i c a t i v e of benzofurans of the type i s o l a t e d so 
f a r in the p l a n t . The NMR s p e c t r a a l s o i n d i c a t e d two 
more methyls on a double bond [.6 7*93-8 .05 (2H, m) and 
6 6.89 (1H, d ) ] . The NMR s p e c t r a a l s o showed a double t 
centered at [ 5 5«0 ( 3 H ) ] and a m u l t i p l e t centered a t 
[6 6 . 1 ( 2 H ) ] . 
5) The mass spec tra gave a molecular i o n , M f o u n u '= 300 (3$) 
and other fragments a t 217 (5$) , 201 ( 2 2 $ ) , 200 ( 1 0 0 $ ) , 
185 ( 8 0 $ ) , 157 (19$) , 145 ( 4 $ ) , 128 ( 1 0 $ ) , 115 (5$) , 
100 ( 1 1 $ ) , 91 ( 4 $ ) , 85 (5$) , 83 (90$), 77 (6$) , 63 (5$) , 
55 ( 5 3 $ ) , 51 (5$) , 4 3 ( 5 8 $ ) , 41 ( 8 $ ) , 39 ( 1 0 $ ) , 29 ( 8 $ ) , 
and 27 (5$)« This fragmentat ion p a t t e r n w i l l be d i s ­
cussed in the NMR-mass spectrum s e c t i o n . 
6) H y d r o l y s i s of a sample of 23 y i e l d e d t o x o l (5) whose 
r e t e n t i o n time (Col I I , 170°C) was i d e n t i c a l with 
t h a t of an authent i c sample - a lone and on admixture . 
I t s "'"H-NMR and IR s p e c t r a were a l s o i d e n t i c a l with 
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those of t o x o l . 
The s p e c t r a l , chemical and a n a l y t i c a l data presented 
so f a r i n d i c a t e d t h a t the compound (23) could be one of 
three p o s s i b l e s t r u c t u r e s : 
Confirmation of the s t r u c t u r e of the compound as 
23a was done from i t s 100 MHz 1H-NMR, 1 3 C - N M R , and mass 
s p e c t r a . These w i l l be d i s c u s s e d in the next s e c t i o n . 
S tructure 23a has been named t o x y l a n g e l a t e . 
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NMR and Mass S p e c t r a l S t u d i e s 
of the Benzofurans 
As mentioned in the prev ious s e c t i o n of the d i s -
1 
c u s s i o n , a 100 MHz H-NMR spectrum was taken on each of 
the "benzofurans i s o l a t e d - dehydrotremetone ( 2 ) , tremetone 
( 1 ) , t o x o l (5) i 2 ,5 d i a c e t y l b e n z o f u r a n (6) and the new 
benzofuran - t o x y l ange la te (23a) . These data are presented 
in Table 2. - f 
F i r s t , the s t r u c t u r e e l u c i d a t i o n of t o x y l a n g e l a t e 
( 2 3 a ) based on its 1 0 0 MHz H-NMR spectrum will be presented; 
1 
then a comparison of a l l the H-NMR s p e c t r a of the i s o l a t e d 
benzofurans from Isocoma w r i g h t i i w i l l be d i s c u s s e d . 
As shown b e f o r e , the s p e c t r a l , chemical and p h y s i c a l 
data showed tha t the new benzofuran (23) was an e s t e r with 
the a l c o h o l group being t o x o l (5)« The a c i d p o r t i o n of 
the benzofuran could be one of three p o s s i b i l i t i e s : 
O H 
C H 
3 
ange la te t i g i a t e 
or s e n e c i o a t e 
Table 2 . 1 H -
A - 3 
2 14 
NMR Data of -
0 
' 6 8 
the I s o l a t e d Benzofurans 3" 
-J , .°»» 
5 
/? °* 
'l 4 / 
23a 1 4 
2 
-
5.27 I t . 9.0 ) 5.15 ( m ) 5.00 ( d . 2 . 5 ) 
"3 6.67{ s ) 7.57 ( s ) a! '3.08 I m ) b) 3,36 -1 m ) 
a) 4.97 « m ) 
b) 3.87 ( bm ) 6.17 < d, 2.5 ) 
4 
5 
8.17 ( d , 2 . 0 ) 8.35 I d , 1.7 ) 7.84 ( m ) 8.02 ( d, 2 .0 ) 8.04 ( d , 2 . 0 ) 
-
— -- --
6 7.93(dd, 2 . 0 , 8 . 7 ) 8.13(dd, 1.7,9.0) 7.84 ( m ) 7.88(dd,2.0,8.5) 7 .93(dd,2.0,8 .5) 
7 7.43 < d , 8.7 ) 7.62 ( d , 9.0 ) 6.81 ( d , 9.0 ) 6.88 ( d . 8.5 ) 6.89 ( d . & 5 ) 
8 — — 
— — 
9 
- -
— — 
-
10 
-
— 
— — — 
I i 2.22 ( s ) 2.68 ( s ) 2.53 ( s ) 2.51 ( s ) 2.47 I s ) 
12 
-
— — — — 
13 1.80 ( s ) 2.63 ( s ) 1.76 ( b s ) 1.73 ( s ) I .7 I ( s ) 
14 a ) 5.23 ( bs ) b) 5.83 ( bs ) --
a) 5 . 0 9 ( b s ) 
hi 5 . IS (bs ) 
a) 4.93 ( bs ) 
b) 5.08 ( bs ) 
a) 4.90 ( d , |.o ) 
b)5.03 ( d , | .0 ) 
£*J"fik06(tB.7.3,L5) 
1.77(dq, 1.5,1.5). 
a S p e c t r a were run a t 99.95 MHz i n CDCl^ s o l u t i o n u s i n g a JEOL PFT-lOO 
i n s t r u m e n t i n FT mode; c h e m i c a l s h i f t v a l u e s a r e e x p r e s s e d i n 6 
ON 
v a l u e s ( PPM ) r e l a t i v e t o TMS. 
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The 100 MHz 1H-NMR spectrum of 2J showed tha t the 
two unass igned methyl resonances were: 6 1 . 7 7 ( 3 H , dq, 
J = 1 . 5 , 1 . 5 Hz) and 6 1 . 9 2 (3H, dq, J = 1 . 5 , 7-3 H z ) . 
The o l e f i n i c proton of the a ,^ -unsa tura ted e s t e r re sonated 
at 6 6 .06 (1H, qq , J = 1 . 5 , 7 .3 H z ) . These data are 
43 
t y p i c a l of an a n g e l o y l group. J This assignment can a l s o 
"be confirmed by comparison with three s i m i l a r benzofurans 
44 
which have been r e c e n t l y i s o l a t e d by Bohlmann and Grenz. 
1 
Their data are from 270 MHz H-NMR s p e c t r a . These three 
compounds - B , K, and I are shown in Table 3« 
The methyl resonances of the a n g e l o y l group of B 
a r e : 6 1 . 82 ( 3H, dq, J = 1 , 1 Hz ) and 6 I . 9 6 (3H, dq, 
J = 1 , 7 H z ) . The methyl resonances of the a n g e l o y l group 
of K a r e : 6 I . 9 8 ( 3 H , dq, J = 1 , 1 Hz) and 6 1 . 9 4 (3H, 
dq, J = 1 , 7 H z ) . The methyl resonances of the a n g e l o y l 
group of I a r e : 6 i . 8 9 ( 3 H , dq) and 6 2 . 0 0 ( 3 H , d q ) . 
These are in v e r y good agreement with the methyl resonances 
of the new benzofuran ( 2 3 ) . The o l e f i n i c proton of the 
a n g e l o y l group of B, K and I are 6 6 . 05 (1H, qq , J = 1 , 
7 H z ) , 6 6 . 02 (1H, qq , J = 1 , 7 Hz) and 6 6 .16 (1H, qq) 
r e s p e c t i v e l y . These data are a l s o in good agreement with 
the o l e f i n i c proton resonance of the new benzofuran -
t o x y l ange la te ( 2 3 a ) . 
Examination of Table 2 shows tha t a l l of the i s o l a t e d 
1 
benzofurans e x h i b i t s i m i l a r H-NMR s p e c t r a . These data 
agree w e l l with the data in Table 3* Table 3 r e p r e s e n t s 
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TABLE 3 'H - N M R DATA OF SIMILAR NATURAL BENZOFURANS 
TOXOL, TOXYL ANGELATE -
LIKE 
DEHYDROTREMETONE, 2, 5, DI-
ACETYL BENZOFURAN - LIKE 
TREMETONE - LIKE 
/ ? 7.6^d
 5 > 2 3 m 
2
- 5 5 \ ^ k > c 0 
s | | V 5.05d 
H 1 — ^ 1 ° 7 6 s ( b r ) 
7
*
5 5 d
 OH H ^ H 5 . 1 2 d 
? 4cQ8d 
2.61s / / fl- 6.41s 
X iC^^^-i r-— 2" °9 12.31s H0*^i^"^ 0 1 dd 
4.07r-H^C 0 5.75mH ^H5.l4dq 
s 1 + 5 
P. 7.31dd 
2 inT^C X H^.esddd 
VX^v^V:- - 3.23ddd 
hc'S^ 0 J r 7 1 d d 
12.71s * ITSH 4.85m 
6 ..12s 5.00m 
g 4 4 
0 7.59d o l«96dq 
r,(br) F i P V d J 1^2dq 
7 , 5
° H A J L 0 ^ p . e 2 , ( b r ) 
.
 Q C J U k A h . 5.2.5s(br) 3.95" 0 C h 3 5 t 0 9 r . ( b r ) 
« ..4 1 • V - uq 
1.94dq. O 7.48s 
1.54d / K H 6 -96s 
, >;K. ^4 2.07s 
6.33q H | [ ^ . ^ ^ H ( b r ) 
}
 6 ^ T „ 5 ; r „ jwH r ( t r ) 
T 4 5
 N 
°7.09dd 
2.44s / / ;-; 2.8tddd 
A X : ^ . : - : 3«28ddd 
12 ; 7 4 s H 0 > , : V ^ o / i r ' 1 * 7 7 d d 
? ^ 5.04m 
C k l * 
o 7.65d 0
 2 .17d 
/ / H
 u 6 .44 \ 
7.53d X h K H 5.2^s(br) 
i . S ^ V J / 
5.7rqq / .. ,
 o o 
1.5 Id — / /1 6.97s 
6 . 3Gq h Y ^ S ^ x \ 
T I V ^ . 2 . 0 8 
3.7sCH 3 0
 A
^ J ^ O f Q:J f •= (b,r ) 
6.54n rl ffrO K K r(br) 
0 7.27s 
2.42s / / :-: ,,3.:9dd-
~ — X Hv.H 1.35dd 
^ V ^ N N ^ \ . H 5-21dd 
L *L / S R T . 7 9 d d 7 . 2 9 s K / ^ V ^ * o 
J„„ H*"«.4.£9m 
° °
n 3 5.07m 
3. j : r . . 
D K K 
/ / 0 7. H 59d 6 . 3 8 d[j 2 > ; 1 7 d i . o e t 
2 , 7 J
^ \ Jk k ^ ^ 2 . i ? q r n V 5 1 ' I H u -53qt 
L JL A ^ r ^ l .32s(br) 
7 . 5 0 d H ' K : V ^ " 0 
L H H^H 5.25s(br) 
3-95s^M3 5.°9s(br) 
1. 57dq 7.49s 
/ 'H H 6.98s 
1. 5<+d ~~"T\Js. J 
z . " i r v 2.09 
6 , 3 3 q II /^-s^-^,(br) 3.=8sCH 0 > - w S o n r 
Cs6r : P ' ^ r ) H J k H W ° W 
v ^ 7 
C7.11s(br) 
2.52s / / K .j2.=9ddd 
— X ^k '*>>•'3-32ddd 
IT l lS t l 5 * ^ 0dd 
„ c ^ s J L 0 7 l f 7 : 7 7 s ( b r ) 
T HAH5.20s(br: 
13.Cls CM 4 ,93 S (br) 
r; 44 
/ ? 7 , H 7 0 d 6 . 5 4 d | | H 6.37d 
3 . 9 5 ° C H 3 5 f J5,5.303(br) 
lM 4 8 
6
' 9 ^
 H 6.51s 
CH,0 ^sC^^J. 
3.90s •> |[ \V - 2.07bs T H^^H6.48s(br] 
,
 r
- 6,;6s(br) 
6.-9s 
°7.74d JL 
/ / H 4 . 9 5 b d l / \ ? 
2
^
5 8
 Y ^ N - ^ C ^ ' 6 1 d 
12.98s T 1 .3ooJ^ 
6./.0:; 
0 7088s 
2.60s --7/ ¥ H 6.58s 
12.4s HO ^ - t S / ^ 0 1 
T H >kH 5-15 
6.45s H 5. 70b:; l-c 
X o6 .68c(br) 
/ / H ?.37dd 
0-rJJ \ h u3-09dd 
HO ''kj/^-O J [SbiT'o J 
11.97s J[ u->S{ 1.99s 
6.9'>. 5.17 5.25 
r-(Yry s(br) 
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T a b l e 3 C o n t i n u e d 
Toxol, Toxyl Angelate — 
Like 
Dehydrotremetone. 2 , 5 - D i -
Acetyl Benzofuran - Like 
Tremetone - Like 
G 56
 0 j2;10d(=r) 
Z ^ K s ^ t * H,, ^ 1.99s 
6.47s h s(br) 
a) 4..73s(br) b) 5.C?3(br> 
P49 
o 7.42s 
2.61s / / 1 H 8.03s 
H 7.08s 
Y 50 
O 1^.02s 1, OH 3.1o 
-U{ I H..H 
:.58 \ ^ ^ \ H. 5-26t 
bs I |r 1.76bs 
CH-0 ° 11 
G ? A I HJ^H4.90bs 
•
3 < W s
 5 > c « g ? 5.06bs 
H 56 c 2.07dCbr) 
o 7.90s J I ^ h 6.47q 
2 ; 5 8 \ ^ ? \ ^ ^ c ~ \ 1.99s 
, T II >L L ^1 .82s (br ) 
a) H-4.70d b) H-4.6ld d(br) 
Q 5 1 
n ? . 8 2 s o 
/ ?
 H 2.12s_7/ 
2.68s / / 1 H \ 
12.15 H o ^ A o ^ r ^ 9 7 3 
6 > 6 9 J 6 . 1 0 ^ ^ 5 . 6 3 
z51 
Z ? 7 ^ 1 3.20 
, -Jl 1 H H II 
2-52 y O ( H 5 0 0 o ^ 2 . C 6 
6 . 3 8 T 5 - 3 0 H J L H 5 A ° 
| 56
 Q .Z.OCdq 
/ ? ? H 8 ^ 0 9 d o ' , ^ ^ H 6 - 1 6 ^ 
2
- 5 7 ^ < i x J V H l-89dq 
T l T V 5 . 0 8 d ( l ) r ) 
i 3 , T O J - 5 s > f c o ' n r t , 7 6 8 ( b r ) 
. , TL5.16 H«"*H 4.96s(br) 6.47s H
 S ( b r ) 
o 
no NMR data reported 
A A 5 2 
o 15.00s 
•Jl f «^17° 
3 1 4.94 H^H 5.09bs 
13.08s OH bs 
D R = C H ( C H J . b) ; 
3 2
 c) 5 
2 ) R = C H C H 2 C H A ) , 
. CH b) ; 3
 c ) 5 
B B - 1,2 5 3 
o 7.72s(br)
 0 
*[ Ha Hb A 
^ I C O ^ r ^ - 5 9 5 ^ 
. 4 2 d d H ^ y ^ ° Jl 
•l|dd H 6 . 7 2 d ? . 2 L 
.25dd CC - 1,2 53 
.05dd 
•38dd o 12.52s o 
7.-50dJn [ T f > ^ r ^ - 6 l G < b r ) 
6.28d H 5.28m 
o 7.9m 
//• H 3"2 / / j H H 
2.jn V ^ ^ S ^ y H5.lt(br) 
7.9m 1 II A N ^ C H . O H 
H ^ ^ ^ ^ o If , 2 
T „JlH / + - 2 7 
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the H-NMR data on a l l of the n a t u r a l benzofurans which 
have been i s o l a t e d from p l a n t s . 
As had been mentioned b e f o r e , enough of the benzo­
ic 
furans were i s o l a t e d so t h a t -^ C-NMR s p e c t r a could be 
13 
obta ined . Since no other ^C-NMR s p e c t r a have been r e p o r t e d 
on n a t u r a l l y occurr ing benzofurans , the i n t e r p r e t a t i o n of 
the spec tra was based on o f f - r e s o n a n c e decoupl ing data 
and on a s e r i e s of model compounds shown in Table k. 
The JC-NMR s p e c t r a l data f o r the i s o l a t e d benzo­
furans of Isocoma wrightii are listed in Table 5« Exami­
n a t i o n of the f i r s t two columns of Table 5 - compounds 
2 and 6 , one can see tha t f o r the aromatic benzofurans 
the assignment of resonances t o carbon atoms agrees w e l l 
a c r o s s the t a b l e . In compound 2j carbons k and 6 were not 
un ique ly as s igned t o i n d i v i d u a l resonances because of the 
c l o s e n e s s of t h e i r a b s o r p t i o n and the l a c k of a s u i t a b l e 
model compound ass ignment . Carbons 2 and 9 were not 
un ique ly as s igned f o r the same r e a s o n s ; however, in 6 , 
carbons 2 and 9 can be a s s igned because of the known 
assignment in model compound 2 7 . For the next three columns, 
the dihydrobenzofurans a l s o agree w e l l a c r o s s the columns. 
Again carbons k and 6 were not un ique ly a s s igned in any 
of these compounds. The o f f - r e s o n a n c e decoupl ing experiment 
was not done f o r 1 because of the smal l amount of m a t e r i a l 
i s o l a t e d from the p l a n t - i t s ass ignments be ing based on 
Table 4 . 1^C-NMR Model Compounds 
24 r e f . 5 8 
2) 1 4 4 . 7 
3) 1 1 1 . 4 
4 ) 12k.2* 
5) 1 2 1 9 2 * 
6) 122.8* 
7) 106.5 
8) 127.6 
9) 1 5 5 . 1 
If} 1 4 2 . 8 
2 5 r e f . 5 8 
a — ^ b 
f \ e 
BL%. I^D 
c 
26.0 
68.0 
26 r e f . 5 8 
22 r e f . 5 9 28 r e f . 5 8 22 r e f 
a) 1 1 2 . 9 a ) 26.3 a ) 2 1 . 8 
b) 121 .6 b ) 1 2 8 . 3 * b ) 1 1 2 . 3 
c) 1 4 8 . 7 c ) 1 2 8 . 6 * c) 125.6 
d) 153.8 d) 133.0 d) 127.4 
e ) 1 7 8 . 2 e ) 137 .3 e ) 1 2 8 . 2 
f ) 1 9 7 . 4 f ) 1 4 1 . 4 
g ) 1 4 3 . 4 * T e n t a t i v e assignment 
A l l chemical s h i f t va lues are expressed in 6 va lues (ppm) r e l a t i v e to TMS. 
ON 
VO 
13, 
7
 L 
2 * 
-J 4 
r if /^*- , ? 
s ^ y t V j f 
ir \ , 2 i3 
- / / . 4 r 
7 23a « 4 
2 156.4 ( s ) C 152.8 ( S ) 9 4 . 3 ( d ) 90 .9 ( d ) 86 .5 
3 
4 
1 1 0 . 2 ( d ) 113.1 ( d ) 75.3 ( d ) 76 .3 ( d ) 3 3 . 9 
124.5 ( d ) b 127.5 ( d ) b 131.7 ( d ) D 132.5 ( d ) D 130,3 D 
5 131.6 ( s ) 126.4 ( s ) 128.5 ( s ) 126.6 ( S ) 126.9 
6 121.4 ( d ) b 124.3 ( d ) b 126.3 ( d > b 127.6 < d ) b 124.8 b 
7 102.5 < d ) 1 1 1 . 8 ( d ) 109.4 ( d ) 1 0 9 . 5 ( d ) 108.3 
8 
9 
128.4 ( s ) 132.8 ( s ) 130.1 ( s") 130.8 ( s ) 129.9 
157.5 ( s ) c 156.7 ( s ) 163.5 ( s ) 163.9 ( s ) 163.3 
10 K 6 . 3 ( s ) 195.4 ( s ) 196.3 ( s ) 194.8 ( s ) 195.3 
II 26,4 ( q ) 26.5 ( q ) c 26 .2 ( q ) 26 .1 ( q ) 26 .1 
12 131.9 ( s ) 1 8 6 . 7 ( 5 ) 140.5 ( S ) 139.6 ( s ) 142.6 
13 19.0 ( q ) 26 .3 ( q ) c 17.4 ( q ) 17.6 ( q ) 17.0 
14 113.6 ( t ) — • . 112.2 ( t ) 113.1 ( t ) I I I .9 
„ ^ E A = 166.3(s) 
Jl B / C H 3 » " 
-C-C = CD C - 20.3(q) 
A L »H D - 138.8(d) 
0 ^ 3 B - 15.8(q) 
a S p e c t r a w e r e r u n a t 25 MHz i n C D C 1 s o l u t i o n u s i n g a J E O L P F T - 1 0 0 
i n s t r u m e n t i n F T m o d e ; c h e m i c a l s n i f t v a l u e s a r e e x p r e s s e d i n 6 
v a l u e s ( P P M ) r e l a t i v e t o T M S . b f c A s s i g n m e n t s m a y b e r e v e r s e d . 
o 
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the other two dihydrobenzofurans (5 ) and (23a) and on the 
*—•* 
model compounds. 
Further confirmation, of the s t r u c t u r e of t o x y l 
ange la te (23a) was obtained from comparison of the ange la te 
s ide chain carbons with those of r epor ted ange la te s ide 
6 0 
chain coumarins. The comparison i s shown below: 
C -15 C - 1 6 . C -17 C-18 C -19 
t o x y l ange la te 166.3 1 2 4 . 7 138.8 20.3 1 5 . 8 
repor ted va lues f o r 
ange la te coumarins 166.3 126.5 1 3 9 . 4 2 0 . 0 1 5 . 5 
Mass s p e c t r a were run on each of the benzofurans 
i s o l a t e d from the p l a n t . These are presented in Appendix 2 . 
The t y p i c a l fragmentat ion p a t t e r n of benzofurans has been 
d i scussed in the l i t e r a t u r e . ^ ' ^ ^ ' ^ 3 These s p e c t r a are 
c h a r a c t e r i z e d by an i n t e n s i v e molecu lar i o n , t h i s be ing 
due to the s t a b i l i t y of the aromatic h e t e r o c y c l i c ion formed 
without r i n g f i s s i o n . I t has been n o t e d , however, t h a t 
f o r dihydrobenzofurans other fragmentat ion p r o c e s s e s can 
occur; these f r e q u e n t l y i n v o l v i n g r i n g f i s s i o n and sub­
sequent r e c y c l i z a t i o n . The t y p i c a l f ragmentat ion p a t t e r n 
f o r 2 - i s o p r o p e n y l - 5 - a c e t y l benzofurans i s format ion of an 
in tense molecular ion with the base peak of the spectrum 
being e i t h e r [ M + - CH^D or m/e 43 due to the a c e t y l ion 
[CH^ -CS0 + ] . This type of p a t t e r n can be seen from the 
examples g iven in Table 6. The fragmentat ion p a t t e r n f o r 
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T a b l e 6 . E x a m p l e s o f B e n z o f u r a n M a s s S p e c t r u m 
F r a g m e n t a t i o n P a t t e r n s . 
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the benzofurans i s o l a t e d from Isocoma w r i g h t i i i s shown 
in Table 7» I n t e r p r e t a t i o n of the mass spectrum fragmen­
t a t i o n p a t t e r n f o r t o x y l ange la t e (23a) i s shown in Figure 
2. 
I s o l a t i o n and I d e n t i f i c a t i o n of 
P h y t o l , Hentr iacontane and Squalene 
The non-ketone f r a c t i o n (33*9 g ) obta ined as shown 
in Charts 4 and 5 was chromatographed on 3°0 g of a lumina. 
The column was e l u t e d with s o l v e n t s of i n c r e a s i n g p o l a r i t y 
y i e l d i n g 11 f r a c t i o n s (shown on Chart 7 ) . A GC study 
(Col I , program temp: 150°C, he ld f o r e i g h t min, then 
programmed a t 20°C/min t o 245°C and held a t 245°C) of the 
f r a c t i o n s i s shown in Appendix 1, p . 96. 
The GC t r a c e of f r a c t i o n 4A showed t h a t i t contained 
one major component. Chromatography of t h i s f r a c t i o n 
(4.08 g ) on alumina y i e l d e d 4 2 0 mg of a c l e a r o i l ( s ee 
Chart 8) . The IR and ^H-NMR s p e c t r a of the o i l were 
i d e n t i c a l with those repor ted in the l i t e r a t u r e f o r p h y t o l 
( 1 8 ) . ^ u The mass spectrum of p h y t o l shown in Appendix 2, 
p. 117 a l s o agrees with the published> spectrum of phyto l -
m/e 41 (27?o), 43 (39^) , 55 (26f«), 57 (35#), 69 ( 2 4 ^ ) , 71 
(10($) , 123 ( 2 4 ^ ) and 296 (jfo).36 T h e r e f o r e , the c l e a r 
o i l was i d e n t i f i e d as p h y t o l . 
Phyto l ( 1 8 ) i s r a r e l y repor ted as be ing f r e e in 
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p l a n t s . I t i s u s u a l l y a t tached as a s i d e chain t o the 
Table 7. Major Peaks from the Mass Spectra of the 
M + m/e [ M + - C H ? ] M + - C H q - C s o ] 
202 (910) m/e I87 
(530) 
m/e 159 
(500) 
m/e 43 
(1000) 
•4 
0 
200 (52%) m/e 185 
(1000) m/e 157 (410) 
m/e 43 
(260) 
202 (410) m/e I87 
(1000) m/e 159 (170) 
m/e 43 
(140) 
218 (280) 
m/e 0 
187 55 
185 43 
I63 34 
162 50 
m/e 203 
(32$) 
m/e 175 
(160) 
m/e 43 
(1000) 
2 3 a 
300 ( 30) 
m/e 200 
m/e 200-CH^ 
m/e 185 
( 8 0 0 ) 
m/e 200-
CHj-CHO 
m/e 157 
(19^) 
m/e 43 
(580) 
[ m + - c 5 h 7 o } + + 
m/e 217 (50) 
i 
[ M + - C H 3 - C r o ] + 
m/e 157 ( 1 * ) 
m/e 300 (30) 
[ m + - c h ^ \ + 
m/e 185 (800 ) 
[CH 3 -C=0 + ] 
m/e 43 (580) 
•> [ M + - C 5 H 7 0 ^ | + 
m/e 201 ( 2 2 0 ) 
+ 0 = C ^ C H 3 
C H 3 H 
m/e 83 ( 900 ) 
_ J C H 3 
C * 3 H _ 
m/e 55 (530) 
Figure 2 . Fragmentation Scheme of Toxyl Angelate (,23a.). 
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c h l o r o p h y l l mo lecu l e . S a p o n i f i c a t i o n of c h l o r o p h y l l 
y i e l d s p h y t o l - see Figure 3« Therefore the p h y t o l 
obtained in t h i s i s o l a t i o n was probably not present in 
the f r e e form s ince the i s o l a t i o n procedure used a 
s a p o n i f i c a t i o n s t e p . 
The GC t r a c e of f r a c t i o n 1A of Chart 7 showed three 
major components (Col I , same temp program as b e f o r e ) . 
The r e t e n t i o n time of the peaks were 15•6 min, 16 .5 min 
and 19«0 min. Chromatography of t h i s f r a c t i o n was done 
on alumina. The components with of 1 6 . 5 and 1 9 . 0 min 
came o f f in the f i r s t f r a c t i o n ( 1 C ) as a white waxy sub­
s t a n c e . The component with the R^ of 15 .6 min came o f f 
in the t h i r d f r a c t i o n as a ye l l ow o i l ( s ee Chart 9)- The 
f i r s t f r a c t i o n ( 1 C ) was chromatographed on alumina. The 
seventh f r a c t i o n ( 7 F ) was composed m o s t l y of the component 
with the R t of 1 9 . 0 min. Th i s f r a c t i o n ( 2 9 I . I mg) was 
chromatographed on alumina t o g i v e 14 mg of a white waxy 
s o l i d shown t o be 95$ pure by GC (Col IV , program temp) . 
This component had a R t of I 9 . 0 min. I t s IR and 1H-NMR 
s p e c t r a i n d i c a t e d t h a t i t was a hydrocarbon but were not 
much help from a s t r u c t u r a l p o i n t of v iew. I t s mass 
spectrum showed a M + = 4 3 6 ( 4 $ ) and had a p a t t e r n charac­
t e r i s t i c f o r s t r a i g h t chain hydrocarbons , i . e . the gradual 
increase from ( M - 1 5 ) + t o m/e 57 in abundance of ^r^2n+l 
6 5 o fragments . The MP of the waxy s o l i d was 6 6 - 6 8 C. 
T h e r e f o r e , from the mass spectrum, which i n d i c a t e d a 
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c h l o r o p h y l l i d e a + p h y t o l ( 1 8 ) 
or b 
Figure 3» S a p o n i f i c a t i o n of Ch lorophy l l 
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s t r a i g h t chain hydrocarbon of molecular formula -
whose repor ted MP = 67 ° C , the waxy substance was i d e n t i f i e d 
as hentr iacontane (19)» Thi s i d e n t i f i c a t i o n was confirmed 
by a mass s p e c t r a l comparison of the fragmentat ion 
p a t t e r n s of C ^ Q , C ^ , and hydrocarbons (shown in 
Appendix 2 , p . 118 ) and mixed i n j e c t i o n (GC Col I V , 290 °C) 
of the three hydrocarbons ( s ee Appendix 1 , p . 1 0 9 ) . 
Alkanes of t h i s type are not r a r e in n a t u r e . 6 6 The 
content of odd-numbered a lkanes i s u s u a l l y g r e a t e r than 
tha t of even-numbered a lkanes by a f a c t o r of more than t e n . 
The major c o n s t i t u t e n t of the alkane f r a c t i o n i s u s u a l l y 
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^ 2 7 ' ^ 2 9 ' ^ 3 1 ' o r ^33 ' c o m P o n e n " t o f f r a c t i o n 7F 
with the R^ = 16 .5 min was shown by GC study t o be C 2 ^ -
nonacosane. 
F r a c t i o n 3C ( 1 5 6 . 7 mg) from Chart 9 was chromato­
graphed on alumina to y i e l d 47«6 mg of a c l e a r v i s c o u s o i l 
( see Chart 1 0 ) . Thi s o i l had the same I R , 1H-NMR and 
O D 
mass s p e c t r a as those r e p o r t e d f o r squa lene . T h e r e f o r e , 
the o i l y l i q u i d was i d e n t i f i e d as squalene ( 2 0 ) . 
Squalene i s not u s u a l l y i s o l a t e d from p l a n t s , but 
can be i s o l a t e d in l a r g e q u a n t i t i e s from an imal s . Squalene 
i s important in the b i o s y n t h e s i s of t r i t e r p e n e s and s t e r o i d s . 
I s o l a t i o n and I d e n t i f i c a t i o n 
of the S t e r o i d s 
F r a c t i o n 7A from Chart 7 e x h i b i t e d three peaks 
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with R t = 1 9 . 7 ( A ) , 2 0 . 4 ( B ) , and 2 1 . 4 (C) min (Col I , 
program temp, see Appendix 1 , p . 1 0 2 ) . Chromatography 
of t h i s f r a c t i o n on alumina ( a c t i v i t y I ) f a i l e d to separate 
the mix ture . Chromatography on a c t i v i t y I I I alumina gave 
a white s o l i d (3G) which was 90$ pure ( see Chart 1 1 ) . 
This component had a R^ = 2 0 . 4 min ( B ) . The other two 
components d id not s e p a r a t e . This s o l i d (B) had the same 
s p e c t r a l and p h y s i c a l p r o p e r t i e s as those of s t i g m a s t a - 8 ( 1 4 ) , 
2 2 - d i e n - 3 p - o l ( 9 ) . 3 2 
Separat ion of the other two components by chromato­
graphy on s i l i c a g e l and s i l i c a g e l impregnated with s i l v e r 
n i t r a t e f a i l e d . The two components were f i n a l l y separated 
component with the R^ of 19*7 min (Col I , program temp) 
(A) had the same p h y s i c a l and s p e c t r a l p r o p e r t i e s of an 
authent ic sample of s t i g m a s t a - . 5 , 2 2 - d i e n - 3 P ~ o l 0 ^ ) . 
This s t e r o i d ( 2 1 ) i s one of the most common p l a n t 
s t e r o l s ( p h y t o s t e r o l s ) found. S t i g m a s t a - 8 ( 1 4 ) , 2 2 - d i e n - 3 P - o l , 
however, i s r a r e l y found even though i t has the more 
H O 
9 
by p r e p a r a t i v e gas chromatography (Col V , 2 9 0 ° C ) . The 
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thermodynamical ly s t a b l e double bond. 
program temp) showed a molecu lar ion of 4 1 4 ( 1 0 0 0 ) in i t s 
mass spectrum. I t showed a peak at m/e 273 ( 2 7 0 ) due t o 
M + - C 1 0 H 2 0 and a t m/e 255 ( 4 4 0 ) due to M + - C 1 0 H 2 0 > - H 2 0 . 
I t s IR spectrum was s i m i l a r t o both IR s p e c t r a of 21 and 
9i and t h e r e f o r e , i t was assumed that (C) was a s t i g m a s t e r o l 
with one double bond - and t h a t the double bond was in 
the s t e r o i d nuc leus and not in the s ide cha in . Since 
the two s t e r o i d s i s o l a t e d from the p l a n t have e i t h e r a 
double bond a t A 5 I ( B - s i t o s t e r o l 30) or a t A 8 ( 1 4 ) , ( s t i g m a s t a -
***** 
8( 14 ) - e n - 3 | 3 - o l 2 2 ) , i t was assumed t h a t (C) was one of 
these two.
 v 
H O 
3 0 
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In t h e i r H-NMR s p e c t r a , the C - 1 8 , C-19 methyl 
groups appear a t 6 0.70 and 6 1.01 r e s p e c t i v e l y in A 5 I 2 2 
s t i g m a s t e r o l (21) and a t 6 O.55 and 6 0i80, r e s p e c t i v e l y 
in A 8 ( 1 4 ) , 2 2 s t i g m a s t e r o l (9)» In (C) the C - 1 8 , C -19 
methyl groups appear a t 6 0 .54 and 6 0 . 8 0 , r e s p e c t i v e l y . 
T h e r e f o r e , (C) seems t o be 22* The r e p o r t e d MP of 22, 
i s 1 0 8 - 1 1 1 ° C ; The MP observed f o r (C) was 1 0 9 - 1 1 1 ° C . 
A l s o an authent i c sample of A 5 - s t i g m a s t e r o l ( p - s i t o s t e r o l 
30) had a longer R. than (C) - (Co l V, 290°C). Therefore 
(C) was i d e n t i c a l t o 22 - s t i g m a s t a - 8 ( 1 4 ) - e n - 3 3 ~ o l . 
R e s u l t s of Anti-Tumor T e s t i n g 
Since t h i s i n v e s t i g a t i o n was conducted in order 
to f i n d the agent r e s p o n s i b l e f o r the ant i - tumor a c t i v i t y 
of the chloroform e x t r a c t , the r e s u l t s obta ined from t h i s 
t e s t i n g w i l l now be d i s c u s s e d . 
In g e n e r a l , an i n c r e a s e in s u r v i v a l of the t r e a t e d 
animals as compared to the c o n t r o l animals r e s u l t i n g in 
82 
a T/C fo of 125 or more i s r e q u i r e d by NIH f o r f u r t h e r 
t e s t i n g in t h e i r ant i - tumor program. 
The r e s u l t s of t h i s t e s t i n g done on P 338 lympho­
c y t i c leukemia tumors in mice f o r the chloroform e x t r a c t 
i s shown be low: 
D o s e / I n j . T/G fo 
1 s t Tes t 400 152 
200 136 
100 122 
2nd Tes t 600 104 
4 0 0 134 
265 160 
175 I 3 8 ' 
The r e s u l t s shown above are v e r y good, i . e . the chloroform 
e x t r a c t e x h i b i t s good ant i - tumor a c t i v i t y . 
S ince i t was doubt fu l t h a t squa lene , hentr iacontane 
p h y t o l or the s t e r o i d s would have any ant i - tumor a c t i v i t y 
these were not sent f o r t e s t i n g . However, the benzo­
furans were s e n t . U n f o r t u n a t e l y , none showed s i g n i f i c a n t 
ant i - tumor a c t i v i t y . The r e s u l t s are shown be low. 
T/C fo 
t o x y l a n g e l a t e 111 
t o x o l 103 
tremetone t e s t e d by d i f f e r e n t 
method, but no a c t i v i t y 
2 , 5 d i a c e t y l b e n z o f u r a n 97 
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A sample of dehydrotremetone has been sent r e c e n t l y f o r 
t e s t i n g . 
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CHAPTER V 
CONCLUSIONS AND RECOMMENDATIONS 
A r e i n v e s t i g a t i o n of the t o x i c p l a n t Isocoma wright 
( r a y l e s s go ldenrod) has l ed t o the i s o l a t i o n of the 
p r e v i o u s l y i d e n t i f i e d "benzofurans - t o x o l (5)> tremetone 
( 1 ) , dehydrotremetone ( 2 ) , and 2 , 5 d i a c e t y l b e n z o f u r a n ( 6 ) 
and to the i d e n t i f i c a t i o n of a new "benzofuran - t o x o l 
ange la te (23) . Three compounds, p r e v i o u s l y u n d e n t i f i e d 
as occurring in t h i s p l a n t , were i s o l a t e d and i d e n t i f i e d -
phyto l ( 1 8 ) , hentr iacontane ( 1 9 ) . and squalene ( 2 0 ) . A 
s e r i e s of three p h y t o s t e r o l s were i s o l a t e d and i d e n t i f i e d : 
s t i g m a s t a - 8 ( 1 4 ) , 2 2 - d i e n - 3 p - o l ( 9 ) , s t i g m a s t a - 5 , 2 2 - d i e n - 3 p -
( 2 1 ) and s t i g m a s t a - 8 ( 1 4 ) - e n - 3 g - o l ( 2 2 ) ; 9 had been 
p r e v i o u s l y i s o l a t e d from the p l a n t . 
1 1 3 
An NMR ( H and J0) s tudy was done on the "benzo­
f u r a n s , r e s u l t i n g in the f i r s t r e p o r t e d n a t u r a l abundance 
13 
-^ C-NMR s p e c t r a on n a t u r a l l y occurr ing benzofurans . 
U n f o r t u n a t e l y the ant i - tumor a c t i v e agent and the 
t o x i c agent in the p l a n t have yet to be i d e n t i f i e d . The 
chloroform e x t r a c t of the p l a n t should be r e i n v e s t i g a t e d 
us ing modern methods of l i q u i d chromatography, such as 
high pressure and medium pressure l i q u i d chromatography. 
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An assay method f o r the t o x i c i t y of r a y l e s s g o l d e n ­
rod has r e c e n t l y been dev i sed and t h i s should be used f o r 
6 7 
f o l l o w i n g the t o x i c i t y during chromatography. 
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APPENDICES 
APPENDIX 1 
GAS CHROMATOGRAPHY TRACES 
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Time in min 
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Mixed I n j e c t i o n of C ^ Q , 
> and C ^ 2 Hydrocarbons 
S t e r o i d Mixture 
INJ 
APPENDIX 2 
MASS SPECTRA 
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